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•%    *     .  THURSDAY,  JUNE  7,  1984 

IJjfe.  House  of  Representatives, 
Committee  on  Science  and  Technology, 
Subcommittee  on  Science,  Research  and  Technology, 

*    .  Washington,  DC 

The  subcommittee  met,  pursuant  to  notice,  at  9:30  a.m.,  in -room 
2325,  Ravburn  House  Office  Building,  Hon.  Doug  Walgren  (chair- 
man of  the  subcommittee)  presiding. 

*  Present:  Representatives  Walgren,  MIneta,  MacKay,  Lundine, 
Gregg,  and  Skeen. 

Also  present:  Representatives  Zschau  and  Ritter. 

Mr.  Walgren.  Today,  the  subcommittee  begins  4  da#s  of  hear- 
ings on  a  number  of  bills  that,  in  various  degrees,  call  for  new  or- 
ganizational arrangements  in  the  Federal  Government,  for  a 
stronger  role  in  technological  innovation.  We  hope  this  hearing  is  a 
contribution  to  the  ongoing  discussions  on  future;  Federal  policy  to 
encourage  industrial  technology  and  move  our  country  in  the 
proper  direction  in  that  area:  \ 

Our  scope  in  these  hearings  is  narrower  than  what  is  known  as 
the  industrial  policy  debate,  which  includes  such  wide-ranging 
issiles  as  the  need  for  a  reconstruction  bank  and  others.  In  tnsse 
hearings,  the  central  question  is  whether  the  advancement  of 
American  technology  needs  the  active  participation  of  the  Federal 
Government,  be  it  in  th?  currently  highly  ^visible,  high  technology . 
sector  or  the  more  traditional  smokestack  industries  that  much  of 
our  country  relies  on. 

Two  of  the  bills  before  us,  authored  respectively  by  George 
Brown  and  John  LaFalce,  propose  the  establishment  of  a  new 
agency  to  be  known  respectively  as  either  the  National  Technology 
Foundation  or  the  Advanced  Technology  Foundation.  Both  bills 
would  create  or"  bring  together  programs  closely  related  to  technol- 
ogy development.  Thev  would  also  establish  a  number  of  new  pro- 
grams,, but  basically  they  would  give  a  strong  push  tp  Government 
support  for  research  and  development  aimed  at  fostering  technolo- 
gy to  the  point  where  commercialization  would  take  over. 

Two  other  bills,  one  by  Mr.  Brown  again  and  one  by  Mr. 
Pashayan,  would  instead  initiate  major  studies  of  the  entire  ques- 
tion of  industrial  competitiveness.  Thes£  proposals  take  the  view 
that  we  are  not  yet  ready  to  make  the  important  decision  in  thia^ 

•  urea  before  a  good  deal  of  additional  consensus  is  reached.  Finally, 
we  will  be  taking  testimony  on  two  legislative  proposals  which 

(1) 


2  *>  # 

.  r  •  \-     .  . 

would  target  Scleral  support  on  technology  for  the  manufacturing 
4  Hector.  Authored  byjthe  chairman  of  the  Committee  oh  Science  and 
Technology,  Mr.  Fuqua;  t'his  bill  on  the  House  ni.de  would  provide 
support  for  new  technology  development  in  one  sector  of  our  indus- 

/  try  which  is -often  said  to  be  in  the  mpst  need,  and  that  is,  of 
"coarse,  manufacturing.  This  is  an  area  where  technology  is  be- 
treved  to  havy  moved  faster*  in  other  cou^Efiesjand,  xis  a  result*  pro- 
ductivity growth  has  exceeded,* that  which"  we  have  experienced  in 
ours.  *  1 

We  liave  a  number  of  distinguished  witnesses  tyfro  ape  scheduled 
to  contribute  their  views  to  the  record  and  the  discussfifuH;  including 
a  n limber  of  Members  of  Congress  who  have  given  &  Jot?of  thought 
to  these  questions/ We  rq^ly  want  to  welcome  th^m  to'the  commit- 

,     tee  ^^d  to  the  process.  " 

l  would  like  to  recognize*  Mc.  .Skeen  for  any  opening  comments 
he  might  like  to  muke.  ^ 

.  Mr.  Skken.  Thank  you,  Mr/ Chairman.  Very  briefly,  because  I 
know  you  want  to  g&t  into  these  hearings,  I  want  to  express  my 
appreciation  for  the  work  that  you  have  done  as  chairman  of  this 
subcommittee  and  for  the  ongoing  interest  that  wg  have  had  in  this 
particular  issue  of  technological  innovation. 

Further  than  that,  I  want  to  say,  too,  that  Members  of  Congress 
who  haw  appeared  before  this  subcommittee  have  shown  a  great 
deal  of  interest  and  a  very  high  level  of  expertise  in  their  own 
right.  I  want  to  commend  tj^em  and  sayNthat  youlblks  are  doing  ah 
outstanding  job  of  trying^ to  represent  these  issues  legislatively.  We 
appreciate  that  kind  of  talent  being  embodied  in  this  Congress.  So, 
congratulations  on  the  kind  of  work  that  you  are  doing,  and  wel- 
come to  all  or  you  here.  We  are  delighted  to  have  Mr.  Young  here 
from  Hewlett  Pa'ckard.  With  that,  Mr.  Chairman,  thank  you  very 
much,  and  we  will  get  on  with  the  hearing. 

"Mr.  Waloren.  I  appreciate  that  statement. 

,Let  us  also  include  at  this  point  in  the  record  an  opening  state- 
«T*'>sJnent  by  Stan  Lundine,  wha  has  maintained  an  interest  in  this 
aVea,  and  we  will  leave  the  Vecord  open  for  6ther  opening  state- 
ments that  our  colleagues  on  the  committee  may  wish  to,  make. 
[The  opening  statement  of  Mr.  LUndine  follows:]  J 

■  » ,  > 
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calcu laved  approach  to  the  cornmrciali^ation  of  our  research. 

Top  f'tdffral  governi:^nt  must  provide  leadership  in  enunciaJung 
r.ati(.fia)  goals  and  polities  and  in  rlVarly  defining  the  relationsship 

of  ty.e  private  co*  pet  i  t  i-ve  r**rket  rvr,t«»rn  to  qovernnient  and' 

rt'.O  re«\arc-h.  W<r  rest'  (Vrect  these  intir.wuaLies  ' 
emHrshftp  in  the  ptu)uctivlty  ccr^tition, 
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Mr.  -VVai.(;ukn.  The  firs!  wrtness  today  is  John  J^tflce.  Ail  of 
you  who  have  followed *thift  area  kfiow  he  has  focused  on  it  both  in 
his  general  capacity  and  in  his  chairmanship  of  another  committee 
in  the  Congress  and  has  been  the  author  of  .one  of  theimost  specific 
and  widely  supported  bills-in  this  areajl 

We  really  appreciate  your  coming  before  us,  John.  Welcome  to 
the  committee.  " '  »         %  9  * 

STATEMENT  OF  HON.  JOHN  J.  UF^LCK,  A  I). St  KRPRKSKNTATI VE 
VWl)M  THE  STATE  OF  NEW  YORK      .  ^  , 

-  Mr.  L^Fai.ck.  Thank  you  very  much,  Mr.*£hairman.  ' 

First  I  would  like  to  ask  unanimous  consent  to /have  they  entire 
text  of  my  statement  included  in  the  record,  and  I  will  summarize 
from  it.s  4     *  •  l)  '  -  , 

Mr.  Waluren.  Without  objection,  so  ordered, 

Mr.  LaFalck.  I  want  to»thank  you  for  giving  serious  consider- 
ation to  H.R.  4861,  which  was  reported  by  the  Banking  Committee 
on  April  10  by  a  vote  of  25  to  18.    ^ . 

•'The  ATP'  proposal  wag  developed  on  the  basis  of  hearings  held 
over  the  past  yearby  the  Subcommittee  on  Economic  Stabilization, 
which  I  had  the  privilege  of  chairing.  During  the  course  of  35  (Jays 
of  hearings,  the  subcommittee  examined  the  reasons  for  the  decline 
in  competitiveness  of  certain  U.S.  industries,  the  nature  ancf  extent 
of  current  Government  policies  affecting  industries*,  and  alternative 
policies  for  improving  our  competitiveness  in  the  future. 

^fe  came  to  the  conclusion  during  those  hearings  that  the  devel- 
opment and  use  of  new  and  better  civilian  technology  is  most  es- 
sential* to  the  performance  of  the  U.S.  economy,  both  domestical^ 
and  in  international  markets.  Technological  innovation,  the  devel- 
opment of  new  technological  products,  processes,  ^ind  systems 
makes  it  possible  for  firms  to  produce  goods  and  services  that  are 
of  a  higher  quality  and  at  a  lower  cost.  -Technological  diffusion,  the 
widespread  adoption  and  us$  of  improved  technologies  is  equally 
important  in  ensuring  that  the  economy  as  a  whole  enjoys  the  ben- 
efits of  low-cost  higher  performance  technologies.  ? 

In  short,  unless  positive  actions  are  taken  to  strengthen. our  ca- 
pacity to  convert  basic  scientific  discoveries  into  technological  inno- 
vations and  to*diffuse  tl^m  rapidly  throughout  American  inc^ust/y, 
we  believe  that  the  United  States  jjaces  the  possible  danger  of 
losing  market  after  market  to  foreign  competition. 

During  the  hearings  that  my  subcommittee  held,  many  witnesqjs 
provided  evidence  after  evidence  that  ourjjnternational  compen'- 
tors,  particularly  the  Japanese  and  West*perm&ns,  are  spending 
significantly  higher  fractions  of  their  GTNh  and  government  R&D 
budgets  on  research  with  c6mmercial  applications,  and  thbt>  the 
failureno  invest  adequately  in  Applied  research  is  indeed  having  a 
serious  adverse* effect  on  Americas  industrial  competitive  position. 

Often,  American  firms  or  research  Centers  have  pione^ted  in  new 
technology,  only  to  see  its  commercialization  capttured  Irv  foreign 
competitors:  MK  RAM  and  videocarssette  recorders  are  all  Ameri- 
can inventions,  but  we  did  not  finance  research  into  cost^utting 
ways  of  producing  the  products,  with  the  result  that  each  6f  these 
products  is  now  firmly  under  foreign  control.  Indeed,  100  percent  of 
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V(/lR  h,  u  $10-billion-n-y<mr  growth  industry,  are  currently  mafrufac- 
ti/rcd  outside  of  the  United  States,  v  i 
/•To  be^sUre,  theHKederal  Government  already  spends  a  great  deal 
6f  money  on  research  and  development,  nbout*  50  percent  oP"  all 
R&D  in  this- country  is  federally  funded.  There  are  additronal'tax, 
procurement,  and  antitrust  policies  which  /seek  to  encourage  or 
subsidize  private-sector  investment  in  research  and  development. 
Jrtost  of  the  direct  Government  support,  however,  goes  t(j  defense- 
related  .programs  and  to  basic  scientific  research. 

I  am  not  here  to  argue  against  funding  for  research  in  the  De- 
fense Department.  I  am  not  arguing  against  funding  levels  for  the 
National  Science  Foundation  or  other  basic  science  research  pro- 
grams. Donald  Fry,  the  chairman  of  Bell  &  Howell,  told  my  sub- 
committee that  it  is  not  so  much  a  case  of  too  much  science  but 
rather  too  little  engineering. 

As  (or  military  research,  however, 'I  woujd  argue  that  we  have 
'skewed  our  priorities  in  recent  years.  In  fiscal  year  1980,  half  of 
the  Federal  R&D  budget  was  devoted  to  defense.  Now  that  figure  is 
over  70  percent  and  growing.  This  emphasis,  which  more  appropri- 
ately could  be  termed  overkill,  has  pulled-talented  scientists  and 
institutional  resources  away  from  commercial-related  research  and 
toward  the  development  of  sophisticated  weapons  production/ 

Our  priorities  are  clear,  and  I  think  they  are  fturting  our  indus- 
trial competitiveness  and  future  economic  growth.  Let  me  put  our 
current  priorities  into  'a  devastating  context  when  compared  with 
the  priorities  and  practices  of  our  major  competitors.  At  a  time 
when  the  Japanese,  West  Germans  and  French  are  Spending  about 
10  to  15  percent  of  their  government  R&D  money  on  projects  that 
specifically  seek  to  stimulate  industrial  and  generic  technologies, 
,the  U.S.  Government  is  spending  less  than  1  percent  of  its  R&P 
budget  forsmjh  purposes. 

The  simple  fact  is  that  the  Federal  Government  funding  for  ap- 
plied research  and  development  has  berfi  reduced  by  over  30  per- 
cent in  real  terms  since  the  Reagan  administration  took  office.  Dr. 
Jordan  Baruch,  the  former  Assistant  Secretary  of  Commerce  for 
Science  and'  Technology,  whom  I  know  you  know  very  well,  per- 
haps put  it  best  when  ne  testified  before  my  subcommittee:  S 

This  country  should  be  more  concerned  about  being  acquired 
than  boing  invaded." 

Somepeople  c<Jntepd  that,  unlike  military  or  basic  scientific  re- 
search, Commercial  research  should  be  the  sole  responsibility  of  the 
private  sector.  In  this  regard,  it  is  important  to  understand  that 
U.S.-private  sector  underinvestment  in  applied  research  could  well 
be  caused  by  market  imperfections.  Most  firms  lack  the  capital  tp 
undertake  large  R&D  projects  which  might  lead  to  product  revolu- 
tionizing breakthroughs.  Almost  all  firmsr regardless  of  size,  often 
lack  sufficient  incentive  to  undertake  even  modest  applied  research 
to  make  cost-cutting  improvements  in  existing  products  because 
they  may  be  unable  to  capture  the  full  fruits  of  their  innovation.  If 
"  e  improved  technology  quickly  becomes  available  to  their  com- 
petitors, then  the  innovating  firm  would  gain  an  insufficient  return 
to  justify  its  R&D  investment. 

Jn  general,  then,  private7sector  firtns  tend  to  focus  almost  exclu- 
sively on  short-term  R&D,  whicK  would  have  an  immediate  pay- 
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hack  irt  (ml  torn -line  profit.  They  Understandably  perhaps  do  not 
invest  in.  generic,  research  projects,  'that,  are  extremely  risky  and 
may  not  provide  any  exclusive  benefits.  With  the  international 
competitiveness  of  tne  economy  as  a  whole,  however,  the  cdst  sav- 
ings to  afn  erttire  industry  that  can  be  generated  from  a  technologi- 
cal breakthrough  could  be  critical,'  fully,  justifying*  the'  costs  and* 
risks  involved  in  the  investment. 

•Under  these  ciroumstances,  then,  f  believe  tfrat  this  is  a  classic 
case  calling,  for  public  intervention  to  remedy  a  market  failure 
which  is  imposing  an  uriaeceptably  crippling  cost  on  our  economy. 
.*  How  can  the  Clove rumeri't  respond  most  effectively  and  appropri- 
ately to  the  problems  of  underinvestment  in  "commercial  R&D. 
There  are  at  least  three  major  options:  tax  credits  for  applied  re- 
search, relaxed  antitrust  restrictions  on  jomt  R&D  ventures  by  in- 
dustry, and  direct  Government  funding  of  applied  research. 

*The  Reagan  administration 'has  approached  'the  problems  ,pYii\ci- 
pally  through  the  R&D  tax  credit  and  the  pr&motio'n  of  limited 
partnerships  created  £o  take  advantage  of  the  credit.  I  am  not 
going  to  oppose  either  of  those  two  concepts,  but  I  would  pointrout 
the  following.  The  Joint  Committee  on  Taxation 'estimates  that  the 
tax  revenues  foregone  because  of  the  R&D  tax  credit  will  reach  ap- 
proximately $1.5  billion  for  fiscal  year  1984  through  1985.  This 
credit  is  in  addition  to  a  lopgstanding  provision  of  the  Tax  Code 
that  permits  rapid  deduction  of  the  entire  cost  of  certain  corporate 
R&D  activities.  This  provision  will  result  in  a* $2:5  billion^subsidy 
for  qualifying  firms  in  fiscal  year  1984  alone. 

It  is  clear,  then,  tHfat  the  administration  ig  willing  to  spend  con- 
siderable sums  of  money  through  the  Tax  Code  to  address  this 
problem.  It  is  not  so  clear,  however,  that  this  approach  is  as  cosk 
effective  as  it  should  be.  In  testimony  submitted  to  the  Subcommit-] 
tee  on  Economic  Stabilization  on  this  issue,  Prof.  Edwin  Mansfield 
of  the  University  of  Pennsylvania  concluded  that  the  R&D  tax  in- 
centive has  had  }i  very  small  impact  on  private-sector  R&D  expend- 
itures. In  factf  .Professor* Mansfield  maintains  that  for  each  doJlar 
of  tijyc  revenue  lost,  we  are  only  getting  about  30  cents  in  abided 
R&D.  Moreover,  we  are  now  starting  to  get  theT  usual  horror  stories 
Of. how  a  Government  program  can  get  subverted  when  it  is  insuffi- 
ciently targeted.  . 

In  yesterday  corning  s  Washington  Post,  ft)r  example,  there  w#§ 
an  article  on  the  tax  credit.  It  cited  a  study  by  Professor  Eiaener  of 
Northwestern  that  said  we  are  getting  less  research  ^nd  develop- 
ment on  account  of  the  tax'credii  In  my  opinion,  there  is  at  least  a 
very  real  prospect  that  the  R&t)  tax  credits  will  prove  to  be  a  great 
program  for  accountants  and  lawyers  but  might  not  generate  very 
much  actual  increase  in  R&D.  Sa  I  think  we  should  be  extremely 
cautious  about  that  and  certainly  not  make  it  permanent  within 
the  Tax  ('ode  without  much  further  study. 

A  second  alternative  is  for  the  Federal  Government  to  relax  anti- 
trust restrictions  on  joint  research  and  development  ventures  by 
firmsflHJ  an  industry.  This  would  certainly  be  a  useful  tool  to  en- 
courage R&D  efforts  that  individual  firms  might-  be  unwilling  to 
.undertake  but  which  a  consortium  of  firrtts  migm  be  able  ft)  afford. 
I  think  that  approach  ban  merit,  but  while  it  has  merit  itralso  has 
inherent  limitations  which  we  should  realize. 


.  .Wot  all  industries  are  active  in*  ro^eartAi  and  develof>n]^/u,^hd 
many  woi^ld  not  undertake*  joint  ventures  even  if^pmitted  Co dd 
so.  In  addition,  highly  concentrated  industries  are  jn.a  better  posi- 
tion to  benefit  from  such  ventures  since  Jlmis  in  fcuch  i/idtifctries  al- 
ready have  significant  R&D  investments.  bTfcrther,  th£re  is  a  possi- 
ble  danger  of  anticompetitive  results  from  Aich  venturas.  Where"! 
the  research  moves  from  generic  to  produet-itoecifie  technology,  ne 
have  to  be  careful  of 'that.  1  1         "  *\ 

For  these,  reasons,  we  should  be  eareftil  p&  We  move  to  change, 
our" antitrust  laws  by  carefully  delineating  any  relaxation  of  anti- 
trust  constraints  on  cpoperative  ft&D.  so  that  w<»  can  be.aure  that 
what  we  are  allowing  is  in  fact  a*  more  efficient  pooling  oT  funds 
and  talent  atHheinduWfy  level'.         -      |f  *  , 

A  third  and,  in  my  view,  the*.b6st  ^HfcrpativeHalthough  these 
are  not  exclusive  -for  promoting .  increaH^d  investment  in  applied 
research*  and  disseminating  the  results  .would  be  direct* Govern- 
ment funding  of  applied  R&D  projects.  I  believe  .this  approach 

> makes  the  most  sense  for  several " reasons. WFirst, .direct  funding  as- 
sures that  every  Governnient  research  doMapgoes  for  research  and' 
not.  for  some  other  purpose.  Second,  direct  funding  allows  Govern- 
ment support  for  research  to  bei  guided  to.  the.  most  promising 
projects.  It  is  a  blanket  entitlement  program,  like  the  tax  credit, 
which  supports  revery  research  project  regardless  o£  it£  merit. 
Third,  direct  funding  allows  us  to  hold  accountable  the  recipiferrts 
of  Federal  support  and  evaluate  the  outcome  of  the  Federal  ex- 
penditure. Fourth,  since  the  Federal  Government  directly  shares  in 

*  the  research  investment,  it, can  seek  tq  ensure  that  the  fruits  of  the 
)  Research  fire  widely  disseminated  to  thebenefit  of  the  entire  econo-N 
my.  Fifth,  a  program  of  direct  funding  would  foster  the  develop- 
ment of  better  economy-wide  networks  of  communication  And  an 

''atmosphere  of  cooperation  among  industries,  univeH|tie8,  and  Gov- 
ernment agencies  at  all  Jevels.  In  sum,  direct  funding  is  the  ap- 
proach that,  in  my  view,Vis8Ures  the  greatest  .return  for  the  Gov- 
ernment research  dollar,  \\gain,  I  dd  nut  think  it  ^hduld  be  the 
only  approach  we  tafke;  I  certainly  think  it  is  p  defmite  approach, 
'  and  I  think  it  is  the  best  approach.  <  *  f        \    f  * 

For  tl\ose  who  view  most  Governtnent  program^  with  suspicion, 

%  programs  of  this  nature  such  as  the  Advanced  Technology  Founda- 
tion that  I  advocate  and.  th#  National  Technology  Foundation4 
which  Congressman  Brown  advocates,  I  would  point^ihe  history 
of  accomplishment  of  the  National  Science  Foundational*^  Nljf, 
NASA,  and  other  Government-funded  research  programs  jrtjch  as 
those  within  the  Departmfeftt  of  Agriculture.  . 
T^The  new  era  of  international  ctfmpeftitiofl  makes  it  incuihbent 
upon  us  now  to  consider  the  merits-of  adired^fundiilg  approach,  t 
whether  it  be  the  Advanced  Technology  Foundation  that  I  haye 

^suggested  or  some  otheiT  approach.  I  think  there  is  a  strong  case 

*too,  for  a  separate  institution.  I  am^aware  that^it  ha^been  argued 
often  that  intfrtfased  spending*  for /applied  technology  could  most  m 
easily  be  implemented  througn  the  National  Scienc^||aundatioik  I w 
do  W  think  that  would  be  a  very  good  idea.  * 
The  NSF  has,  a  broad-enough  mandate,and  serves  a  large-enough  f 

^'constituent  as  it  is.  As  several  witnesses  testified  before  mv  sub- 
committee, we  must^constantly  keep  in  mind  that  science  artd  techr 


nology,  while  definitely  related,  are  distinct  activities  independent 
Ol' one  another;  They  are  closely  linked  in  many  ways,  hut  the  de- 
*  '  vehement  of  new  technologies  is  u  fundamentally  different  activity 
'from  scientific  reseqroh.  Science  and  technology  have  different  ob- 
jectives Moat  fmpdrtantly,  they  have  different  constituencies.  In 
rhy  judgment,  they  shyjild  also  have  different  agencies  to  encour- 
age their  efforts.  .  . 
Tarn  also  aware  of  the  suggestion  that  implementation  of  the 
«  Stevenson-Wydli\r  Technology  Innovation  Act  of  19H0  would  elimi- 
nate the  need  (m  tta'  Adva/iced  Technojug^^oundation.  I  would  re- 
spond that  it  is  precisely  because  -  y(xch  measures  qs  Stevenson- 
wydler  .are  within  the  jarger*  bureaucracy  of  the  Commerce  De- 
partment that  the  need*  for  such  a  separate  institution  is  under-  ' 
scored.  Stevenson-Wydler  has  not  been  properly  funded  or  given 
much  visibility,  and  the  Commerce  Department  appeprs  at  this 
. ,   time  to  be  whollj  inadequate  to  the  task  of  pursuing  such  responsi- 
bilities in  a  serious,  vigorous  and  consistent  manner. 

U.K.  4M1  wtfuld  Ideate  the  responsibility  for  technological  deveL 
opment  in  a  separate  mission-oriented  agency  that  will  be  support- 

*  ed  by  its  own  constituency  and  judged  on  its  own  merits. 
In  conclusion,  Mr.  Chairman,  the*Advanced  Technology  Founda- 
tion proposal  which  you  have  befonryou  today,  in  my  judgment^  is 
a  prudent  and  cost-effective  mechanism  for  stimulating  the  kind  of 
applied  research  which  our  economy  needs  to  m^ntain  our.  inter- 
national competitiveness.  The  level  of  funding  proposed  for  this 
agency  is  very  modest,  considering  the  need.  Indeed,  if  fully  appro- 

Tpriated,  this  program  would  constitute  about  W2  percent  of^tlje  re- 
search Budget  of  the  Federal  Government  but  would  more  than 
double  the  amount  of  Federal  resources  Vow  directed  at  this  prob- 
lem.^Additionally,  the  proposed  funding  level  for  the  Advanced 
Tecmiology  Foundation  woulcj  be  only  a  fraction  of  the  revenue 
losses  "that  the  Treasury  has  sustained  through  the  open-ended 
R&D  tax  credH  program  which  has  produced  insufficient  results. 
Finally,  I  again  want  to  thank  the  members  of  this  subcommittee  ^ 

•  for  the  opportunity  to  discuss  *H.R. -48(51  today  and  other  bills.  I 
particularly- want  to  emphasize  that  the  members  of  the  Banking 
Committee  wish  to  cooperate,  indeed,  to  defer  to  the  much  greater 

*  expertise  of  the  Science  and  Technology  Committee  as  to  how  the 
concerns  and  issues  outlined  in  my  statement  can  be  best  ad*  * 
dressed. 

We  are  most^  aware  of  the  budget  squeeze,  the  existing  research 
programs  within  the  jurisdjbtion1  of  this  committee,  and  the  pres- 
sures that  such  budgetary  constraints  impose  when  considering  the 
establishment  of  any  new  agency  at  this  time.  For  our  part*  we 
simply  want  to  work  with  this  subcommittee  rfnd  this  committee  in 
any  way  possible  to  promote  technological  innovation  in  this  coun- 
try. So  I  urge  the  subcommittee  to  give  the  issues  being  discussed 
serious  and  speedy  consideration,  and  whatever  your  subcommittee 
or  committee  decides  to  do,  I  want  you  to  know  that  you'#an  call 
upon  the  Banking  Committee  to  help  in  your  efforts.  Thank  you 
very  much.  '  ■« 

(The  prepared  statement  of  Mr.  La  Fa  Ice  follows:)*  * 
Mr.  Waix:ren,  Thank  you  very  much,  Mr.  LaFalee,  i 
Let  me  invite  Kd  Zschau,  who  has  just  come  in  the  room,  to  join 
1  us  and  come  on  up. 
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JONGRESSMAN  JOHN  J  .  LAFA^lE         ! not  * 
Testimony  on  H.R .  4361,  |  v 

before  the  » 
House  Subcommittee  on  Science,  Research  and  TedhrrfoToby 
June  7,   1984  I 


Good  morning.     I  would  like  to  thank  you,  Mr  .i  e^Wn^and^T* 
the  Members «of  thie  Subcommittee  for  giving  serious  consideration 
to  H.R.  4361,  a  proposal  to  establish  ajv  Advanced  Technology 
Foundation  CATF")  which  was  reported  8?  the  Banking  Committee 
April  10  by  aTvote  of  25  -  18.  •i-3?"  *  

As  you  know,  the  ATF  proposal  was  developed  on  the  basis  of 

q?aKr??8  ?T  Pa,t  yeAr  by  the  ^committee  on  Economic 

Stabilization,  which  I  chair.     During  the  course  of  35  days  • 
of  hearings,  the  Subcommittee  examined  the  reasons  for  the 
declining  competitiveness  of  U.S.  industries*  the  nature*  oand 
extent  of  current  govenrment  policies  affecting  industries,  and 
alternative  policies  for  improving  our  competitiveness  in  the 
future .  it %  ' 

We  came  to  the  conclus^n  during  those  hearings  that  the  ' 
development  and  use  of  new  ftnd  better  civilian  technology  is 
essential  to  the  performance  of  the  U.S.  economy,  both 
domestically    and  in  international  markets.  Technological 
innovatioo~-the  development  of  new  technological  products, 
processes  and  Systems— makes  it  possible  for  firms  to  produce 
goods  and  services  th%t  are  of  higjier  quality  and  at  a  lower  cost, 
Technological  £it f usJion  — the  widespread  adoption  and  use  of  ' 
mproved    techn>loo/es--.--is  equally ^imppr tant  ip  ensuring  that 
ho  economy  as  a  wTToU,  enjoys  the  benefits  of  lower-cost, 
higher-performance  technologies. 

In  short,  unless  positive  actions  are  taken  to  strengthen 
our  capacity  to  convert  basic  scientific  discoveries  into 
technological  innovations,  and  to  diffuse  them  rapidly  throughout 
American  industry,  we  believe  that  the  United  States  faces  the 
very  teal  prospect  of  losing  market  after  market  to  foreign 
competition.  * 

THE  NEKO  FOR  H.R.  4  361  " 

Today,  our  country  is  locked  in  a  critical  competitive 
struggle  which  will  determine  the  kind  of  economic  future  our 
country  will  have      it  is  a  struggle  for  market  share,  for  jobs,  " 
And  for  economic  leadership  in  the  international  economy;     in  the 
aftermath  of  world  Mat  II,  the  United  States  dominated  the 
international  economy^witL  virtually  effortless  superiority;  but 
this  historic  dominance  has  been  sharply  eroded  in  recent  years 
as  ether  nations  entered  the  international  marketplace  as 
sorious,  vigorous,  competitors. 


In  this  increasingly  intense  struggle,  we  will.be  able  to*  . 
maintain- out  standard  of  living  only  by  constantly  innovating  n"e 
Products  and  production  processes.  * 

f  Th#r*  is  disturbing  evidence,  however,  that  our  industries 
-.11  a  whole  -"high  tech-  and  "smokestack-  alike  — are  *  falling  to 
meet  tho  challenge  of  competitive  innovation*    While  American 
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scientists  continue  to  .ead  the  world  in  the  prodL.tlon  of  new 
knowledge,  American  industry  ^po  often  trails  behind  ttia  rest  of 
the  world  in  applying  those  new  discoveries  to  the  process  of-, 
economic  production,     Americans  contiryf*  to  sweep  Nobel  ^rlre- 
award*  eviryyear  for  scientific  advances,   yet  our  trade 
imbalance!  grow  larger  and  largnr.     This  peculiar  pattern,  in 
which  we  invent  and -they  innovate,  will  eventually  mean  that  the 
'center  of  gravity  in  the  world  economy  will  ahift  to*  those 
countries  which  are  doing  a  better  job  at  commercial  innovation. 

H.R.  v43Gl-  is  designed  to  help  bridge  the  gap  between  basic 
research  and  the  commercia li ml  ion  of  new  products  or  processes, 
through  federal  support  for  generic  and  cost  r^cutt  ing 
techno\oglcal  research  and  through  the  creation  of  an  industrial 
extension  service  to  speed  up  widespread  adoption  of  innovations 
throughout,  the  national  economy: 

*  ■ 
U ND EJRJ^NVE jVf M K N T   IN  APPLIED  RESEARCH 

At  the  very  time  when  it  is  becoming  increasingly  important 
to  the  United  States  to  be  more  innovative,  our  economy  is  simply 
not  making  the  investments  necessary  to  stimulate  and' support 
technological  innovations'*-.     A  technologically  stagnant  American 
Industry  -will  inevitably  be  overtaken  by  foreign  producers  abbe 
to  take  advantage  of  cheapejp  labor  and  the  'widespread 
availability  o£  existing  productive  technology,  4 

During  the  hearings  held  toy  the  Subcommittee  on  Economic 
Stabilization,  nvany  witnesses  provided  evidence     that  our 
International  competitors  ( par t icula r 1 y  the  Japanese  end  West 
Ore-nans)  are  spending  significantly  higher  fractions  of  their  GNP 
and  government  R&D  budgets  on  research  with  commercial 
application1^;  and  that  the  failure  to  invest  adequately  in 
applied  research  J^s  indeed  having  a  serioUs  adverse  effect  on 
America's  industrial  competitive  position* 

Because  of   insufficient  attention  to  new  product 
development,  American  Industry  has  been  increasingly  overtaken  in 
international  markets  by  foreign  £1 rms  using  innovative" 
products —basic  Qxygen  steel  furnaces,  for  example.   In  many  other 
casen,  American  firms  Or  research  centers  have  pioneeered  a^pew 
technology only  to  see  Its  jpommercia llxat ion  captured  by  foreign 
competitors.     The  64K  RAM,  the  vldeocassette  recorder/  and  the 
MACU,EV  rail  system  are  all  American  inventions,  but  we  did  not 
finance  research  into  the  cost-cutting  ways  of  producing  the 
products,  with  the  result  that  each  of  these  " pr oducts"   is  now 
firmly  under  foreign  control.     Indeed,   100  percent  of  VCR's-~a 
$10  billion  a  year  growth  industry — are  currently  manufactured 
outside  of  the  United  States.  '„ 

'•To  be  sure, .the  Federal'  Government  already  spends  a  great 
deal  of  money  on  research  and  development — about  50  percent  of 
all  R&D  in  this  country  is  federally  funded—and  there  are 
additional  tax , § procurement ,  and  anti-trust  policies  wh|ih  seek 
►o  encourage  01    subsidise  private  sector  Investment  in  research 
and  development .?   Mosttof  the  direct  government  support,  however, 
<jo«<i  to.  defense -related  programs,  and  basic  scientific  research,. 


•. 
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I  am  not  hv>     to  argue  against  funding    eve  Is  for  the 
National  Science     oundation  or  other  bas^c  balance  research 
program*.     As  Donald  Frey,  Chairman  of  Dell  and  Howell,   told  my 
Subcommittee,  " it  Is  not  so  much  a  case  of  too  much  science,  but 
rather  too  little  engineer ing  ' 

As  for  military  research,  however,  I  aw-^Xrepared  to  argue 
that  we  have  skewered  our  priorities  l^'recent  years,     In  FY 
.1980,  half^oX^the  federal  FUD  budget  wai  devoted  to  defense — now 
t|iat.  figure  is  over  70  percent,  and  growing.  This 
emphasla~~whlch  could  more  appropriately  termed  overkill — he* 
pulled  talented  scientists,   and  institutional  resources  away  from 
commercial-related  research  and  toward  the  do velopmenjkof 
sophisticated  weapons  production.     Our  priorities  are^lear,  and 
they  are     badly  hurting  our  industrial  Competitiveness,  and 
futu re* economic  growth.  «  • 

Let  me  put  our  current  priorities  Into  a  devastating  context 
when  compare*  with  the  priorities  and  practices  of  our  major 
competitorsi     At  at  time  when  the  Japanese,  West  Germans,  and 
French  are  spending  about  10  to  15.  percont  of  their  government 
R&D  money  on  projects  that  specifically  seek  to  stimulate 
industrial  and  generic  technologies,   £he  O.S.  Government  is  T 
spending  less     than  1  percervt    of  Its  tUD  budget  for  such 
purposes,     The  simple  fact  Is  that  Federal  Government  funding  for 
applied  research  and  development  has  been   reduced  by  over  20 
Percent   in  real  terms  since  the  Reagan  Administration  took  office. 
Dr.  Jordan  Barucli,   former  Assistant  Secretary  of  Commerce  for 
Science  and  Technology,  perhaps.  put*'it  best  when  he  testified 
before  my  nuhrorninittee  that,   ",l.this  country  should  be  more 
concerned  about  being  acquired  than  being  invaded. n  \ 

Some  people  contend  that  unlike  military  or  basic  scientific 
research,  commerpial  research    should  hp  the  \ola  responsibility 
of  the  private  sector.   In  this  regard,   it  Is  important  to. 
\in<l?i3tand  that  U.S.   private  nector  under  InV^^rrent  in  applied 
research  is  caused  by  a  classic  ca*£  of  market  Imperfection. 
Most     firms     lack  the  capital  to  undertake  large  fUDVprojects 
which  might  lead  to  product-revolutionizing  breakthroughs.- 
Alpost  all  firms,   regardless  of  slxe,   often     lack  sufficient 
Incentive     to  undertake  even  modesty  applied  research  to  make 
cost -cutting  improvements     in  existing  products,  because  they  may 
be  unable  to  capture  the  full  fruits  r>f  their  innovat  ion .     If  the 
improved  technology  quickly  becomes  available  to  their 
competitors,   then  the  innovating  firm  would  gain  an  insufficient 
return  to  justify  its  R&D  investment*  * 

In  ^nneral,   then,  private  sactor  firms  tend  to  focus  almost 
exclusively  on  short-term  RfcD  which  will  have  an  immediate 
payback  in  bottom-line  profits,     They  simply,  and  under standably, 
do  not  invest/   In  generic  research  projects  that  ar'e  extremely 
riiky  and  may  not  provide  any  exclusive  bene f i ts  *%For  the 
International  competitiveness  of  the  economy  as  a  "Thole,  however, 
the  cost  savings  to  an  entire  Industry  that  can  be  generated  from 
a  technological  breakthrough  could  be  critical*  fully  justifying 
tne   the  costs  and  risks   involved   In  tbe  investment.     Under  these 
en  constancies,  then,  I  believe  that  this  Is  a  claisic  case 
calling  for  public  intervention  to  remedy  a  market  failure  which 
Is  imposing  an  unacceptable  crippling  cost  on  our  economy. 
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How  cah  the  government  respond  mosV  effectively  and 
rappropriately  to  the  problems  o.f  underinvestment  in  commercial 
IUD?    There  appear  to  be  three  major  options*  'tax  credits  for 
Applied  research;  relaxed    antitrust  restrictions  on  joint  fc&D 
research        lftduitrV  and  direct  government  funding,  of  applied 

, The  Reagan  Administration  has    approached  the  problems 
principally  through  the  rfftD  tax  credit,  and  promotion  of  limited 

r™?![Slipi  Sraat?d  to  t?k#  Vantage  of  the  credit.    The  Joint 
committee  on  Taxation  estimates  that  the  tax  revenues  foregone 
because  of  tine  R&D  tax  credit  will  reach  approximately  $1.5 
billion  for  FY  1984-1985.    This  credit  is  in  addition  to  a 
long-standing  provision  of  the  Tax  Code  that  permits  rapid' 
deduction  of  the  entire  costs  of  certain  corporate  ft&D  activities 
This  provision  will  result  in  a  $2.5  billion     subsidy  for 
qualifying  firms  in  FY  1984  alone. 

It  is  clear,  then,   that  the  Administration  is  willing  to 
»pend  considerable  sums  of  money  through  th«  Tax  Code  to  address 
this  problem.     It  is  not  so  clear,  however,  if  the  « 
Administration's  approach  is  cost-effective.  ' 

i 

Tn  testimony  submitted  to  the  Subcommittee  on  Economic 
Stabilization  on  this  issue.  Professor  Edwin  Mansfield  of*  the 
University  of  Pennsy  1  van  iaT^tsOicl  uded  that  the  R&D  tax  incentive 
has  had  a  very  small  impact  on>^vate  sector  R&D  expenditures. 
In  fact,  *  Professor  Mansfield  maintains  that  for' each  dollar  o'f 
tax  revenue  lost,  we  are  only  getting  about  30  cents  in 'added  R&D 
Moreover,  we  are  now  starting  to  get  the  usual  horror  stories  of 
how  a  Government  program  can  get  subverted  when  it  is  f 
insufficiently  targetted.     In  my  opinion,   there  is  a  very  real 
prospect  that  the  ROD  tax  credits  will  prove  to  be  a  great 
program  for  accountants  and  lawyers,  but  will  generate  very 
little  actual  increase  in  R&D. 

A!?°?nV!^n*tiVe  iS/or  the  ™eral  Government  to  relax  - 
antitrust  restrictions  on  joint  research  and  development  ventures 
by  firms   in  an  industry.     This  would  certainly  be  a  useful  tool 
to  encourage  R&D  efforts  that  individual  firms  might  be  unwilling 
tn^uruWtake,  but  which  a  Consortium  of  firms  might  be  able  to 
afford.     While  this  approach  has  merit,    it  is  important  to 
r*rogniz*  its  inherent    limitations.     Not  all  industries  are 
Active  in  research  and  development,  and  many  would  not  undertake 
joint  ventures,  «ven  if  permitted  to  do  so.     In  addition,  highly 
concentrated  industries  are  in  a  better  position  to  benefit  from 
.  such  vonture*  since  firms  in  Such  industries  already  have 
significant  R&D  investments.    Further,  there  is  a  danger  of 
ant icompetitive  results  from  such  ventures  where  the  research 
moves  from  generic  to,  pr oduct-speci f i c  technology.     For  all  these 
reasons,   a  blanket  removal  of  antitrust  strictures  on  joint 
rosfvirch  efforts  would  not  i>e  wise,  and  certainly  would*riot  be  a 
panacea  for  our  inadequate  investment  in  applied  research. 
However,  a  carefully  delineated  relaxation  of  antitrust 
constraint*  on  Cooperative  R&O  might  allow  more  efficient  poolino 
of  funds  and  talent  at  the  industry  level. 
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A  thlid,  an<!     n  my  view  the  beat,  alte.  .atlvd  for  promoting 
increased  investment  in  applied  research  and  disseminating  the 
results- is  direct  government  funding  of  applied  R&D  projects,  I 
believe  this  approach  makes  the  most  sense  for  several  reasons. 
First,  direct  funding  assures  that  every  government  research 
dollar  roes  for  research  end  not  some  other  purpose.  Second, 
direct  funding  allows  government  support  for  research  to  be  * 
guided  to  the  most  promising  projects.     It  is  not%a  blanket 
entitlerttont  program  like  the  tax  credit  w.hich  suports  every  * 
research  project  regardless  of  its'Jnerit/   Third,  direct  .funding 
allows  us  to  hold  accountable  the  recipients  of  federal  support, 
and  evaluate  the  outceme  of  the  federal  expenditure,  Fourth, 
since  the  federal  government  directly  shares  in  the  research 
investment,   it  can  seek  to  assure  that  the  fruits  of  the  research 
are  widely • d isseminated  to  ;>he  benefit  of  the  entire  economy. 
Fifth,  a  program  of  direct  funding  would  foster  the  development 
of  better  economy-wide  networks  of  Communication  and  an 
atmosphere  of  cooperation  among  industries,  universities  and 
government  agencies  at  all  levels.  In  sum,  direct  funding  is  the 
approach  that,  in  my  view,  assures  the  great*e*t  return  for  the 
government  research  dollar. 

For  those  who  view  most  government  programs  with  suspicion, 
I  would  point  to  the  histofy  of  accomplishment  of  the  NSF,  NIH, 
NASA,  and  other  government-funded  research    programs  such  as 
thone  within  the  Department  of  Agriculture,     The  new  era  of 
.  international  competition  makes  It  Incumbent  upon  us  now  td 
ccfnslder  the  merits  of  an  Advanced  Technology  Foundation. 


TH£  CASE  FOR  A  SfiPAR^TE  INSTITUTIQM 

Unless,  and  until,  we  recognize  that  technology  has  become  a 
principal  determinant  of  International  competition,  the  U.S. 
economy  will  be  unalbe  to  effectively  compete  with  those 
countries  that  have  explicitly  acknowledged  its  importance.  Our 
economic  competitors  htve,  without  exception,  agencies  whose 
principal  mission  is  the  promotion  of  civilian  technology.  We 
neve  decided  to  make  such  efforts  "step  children"  within  agencies 
whose  primary  purposes  and  focus  ere  elsewhere.     The  results  have 
been  predictably  disappointing.    Given  the  importance  of 
technological  innovation  to  our  economy,   it  is  time  that  we 
establish  an  Independent  agency  with  the  resources  to  do  the* job, 
and  the  separate  constituency  to^  make  sure  that  its  programs 
cannot  be  held  as  a  pawn  in  some  larger  political,  bureaucratic, 
or  ideological  debate. 

I  am  aware  that  it  has  been  often  argued  that  increased 
spending  for  applied  technology  could  be  most  easily  implemented 
through  the  National  Science  Foundation  (NSF).     I  do  not  think 
that  this  Is  a  good  idea.    The  NSF  has  a 'broad  enough  mandate  and 
serves  a  large  enough  constituency  as  It  is.    As  several 
witnesses  testified  before  the  Subcommittee  on  Economic 
Stabilization,  we  must  constantly  keep  in  mind  that  eclence  and 
technology  are  distinct  activities,   Independent  of  one  another* 
Although  they  are  Closely  linked  In  many  ways,  the  development  of 
new  technologies  is  a  fundamentally  different  activity  from 
scientific  research,    silence  and  technology  have  different 
objectives,  and  different  constituencies.    They  should  also  have 
different  agencies  to  encourage  their  efforts. 
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I  mi  also  aware  ol    .ha  suggestion  that  imple     itation  of  the 
Stevenson-Wydler  Technology  Innovation  Act  of  1980  would 
eliminate  the  need  for  the  Advanced  Technology  Foundation.  I 
respond  that  it  is  precisely  because  such  measures  as* 
otevenson-Wydler  have  not  been  implemented  within  the  larger  ' 

^^^^^yi°f,^\?0mm?rCC  5ePartment  that  the  need  for  such  an 
a  separate  institution  is  underscored.  Stevensoo-Wydler  has  not 
boVn  properly  funded,  or  given  much  visibility,  and  the  Commerce 
Department  appears,  at  this  time,  to  be  whplly  inadequate^to  the 
task  of  pursuing  such  responsibi lit les  in  a  serious,  vigorous  and 
consistent  manner.  H.R.  4361  would  locate  the  reponsibil ity  for 
technological  development  in  a  separate,  mission-or iented  agency 
merits  supported  by  its  own  constituency,  and  judged  on  its 

CONCLUSION  ' 

»  i  uIn  W  opinion,   the  Advanced  TechWogfr  Foundation  proposal 
which  you  have  before  you  today  is  a  prudent  and  cost-effective 
mechanism  fo-r  stimulating  the  kind'of  applied  research  which  our 
economy  needs  to  maintain  our  international  competitiveness.  The 
level  of  funding  proposed  for  this  agency  is  very  modest, 
considering  the  need.     Indeed,   if  f ul ly  appr opr iated ,  this 
program  would  constitute  about  1  1/2  percent  of.  the  research 
budget  of  hhe  Federal  Government,   but  would  more  than  double  the 
amount  of  federal  resources  now  directed  at  this  problem 
Additionally,  the  proposed  funding  level  for  the  Advanced 
Technology  Foundation  would  be  only  a  fraction  of  the  revenue 
lotwos  that  the  Treasury  has  sustained  through  the  open-ended  R&D 
tax  credit  program  which  has  produced  insufficient  results. 

While  it  i«  possible  fqr  reasonable  people  to  disagree  on 
the  specifics  of  a  solution  to  the  problem  of  inadequate  'applied 
research,  there  should  be  no  serious  debate  on  the  urgency  of  the 
problem,     If  all  of  us,  private  firms,  universities,  scientists 
and  the  government  fall  to  rise  to  the  competitive  challenge  <n 
the  arrrn  of  applied  research,   the  result   is  predictable  — 
stagnation  in  our  standard  of  living  as  we  watch  other  nations 
capture  our  markets  and  the  imagination  of  our  own  consumers. 
None  of  us  want  such  an  outcome,  and  hone  of  us  need  experience 
it     f  we  recognize  that  we  must     act     now  to  improve  our  nation's 
anility  to  innovate  and  compete.  1 

Finally,  I  wint  to  again  thank  members  of  this  Committee  for 
the  opportunity  to  discuss  this  legislation  today.     H  R  4361, 
and  other  bills,   boing  considered  before  this  Subcommittee  today 
aro  positive  ways  to  move  forward  on  this  issue.     In  tJlis  regard, 
t  particularly  want  to.  emphasize  that  Members  of'  the  Banking 
Committee  wish  to  cooperate— in  fact,  defer-to  the  much  greater 
nxpoctise  of  the  Science  and  Technology  Committee  a^  to  how  the 
ronrerns  and  issuns  outlined  in  my  statement  can  be' best 
add r  on  sod  *. 

We  are  aware  of  the  budget  squeeze  on  existing  research 
programs  within  the  jurisdiction  of  this  Committee',  and  the 
procures  that  such  budgetary  constraints   impose  when  considering 
the  establishment  of  any  new  aqency  at  this  tine.     For  our  part, 
wo  simply  want  to  work  with  this  Subcommittee  and  Committee  in 
a*,/  way  possible  to  promote  technological  innovation  in  this  * 
country. 
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t  urge  this  Committae  to  give  the  issues  being  discussed 
today  serious  and  speedy  consideration,  and  whatever  the 
Committee  decides  to  do,  I  want  you  to  know  that  you  can.  call 
upon  the  Banking  Committee  to  help  in  y6ur  efforts. 


20 


7 


»  it; 

We  certainly  appreciate  that  testimony.  It  in  such  a  sound  pres- 
entation. I  find  such  frustration,  coming  fro$n  a  part  of  the  country 
,-that  is  similar  to  your  part  of  the  country,  in  the  lack  of  economic 
recovery  that  we  have  had  an<Fthe  lack  of  encouraging  prospects 
for  basic  smokestack  mahufacturing  industries.  Certainly,  some- 
thing cries  out  ty  be  done.  *  -  '  g 

How,  did  you  set  your  $500-million-level  in  this  process?  Can  you 
give  any  assessment  of  what  the  reach  of  that 'level  of  effort  would 
be? 

Mr.  LaFauuc.  Basically,  we  doubled  the  existing  commitment, 
and  we  tried  to  spread  this  out.  But  certainly  thbse  figures  are 
most  negotiable.  From  pur  understanding  of  the  budget  constraints, 
1  th  ink  we  would  probably  need  considerably  more.  When  you  look 
at  the  money  that  is  being  sper\t  through  the  Tax  Code  now  and 
'  the  payoff  that  we  are  getting,  I  think  this  would  be  most^modest- 
indeed  in .  comparison.  I  think  that  the  cost-benefit  relationship 
that  we  get  would  be  far  greater  through  direct  funding  than 
through  the  Tax  Code  approach. 

Mr.  WAm'.kkn.  In  the  Tax  Code  approach,  what  is  the  rationale- 
i\w  the  conclusion  that  we  are  not  getting  very  much  "bang  for  the 
}  buck1'  there?  Is  it  that  this  research  would  have  been  done 
anyway?  How  are  they  making  the  judgment  that  we  are  only  get- 
ting HI)  cents  on  th(<  'dollar.  * 
•  Mr.  LaFalck.  I  Would 'refer  you  to  the  full  study  of  Professdr 
Mansfield  of  the  University  of  Pennsylvania,  Professors^Eisener  of 
Northwestern,  and  so  on.  I  think  Professor  Mansfield  di<j  his  study' 
for  the  National  Science  Foundation.  As  to  the  methodology,  I 
think  in  part  it  is  because  of  their  judgment  that  this  research 
would  have  been  done  anyway,  in  part  because  they  siy  that 
maybe  it  is  not  really  research  and  development.  It  is  being  called 
research  ai\d  development,  in  part  because  of  the  provisions  of  the 
Tax  Code  which  says  that  you  can  only  get  the  tax  credit  for  cer- 
tain incremental  types  of  research,  too,  and  this  might  have  dimin- 
ishing returns  after  a  while  and  be  a  disincentive  for'  research. 
Kach  individual  who  has  argued  has  come  up  with  different  rea- 
sons for  his  argument. 

I  am  not  against  this.  Understand  what  I  am  saying.  But  I  do  not 
think  that  we  should  make  it  a  permanent  provision  of  our  Tax 
..Code.  I  think  we  should  examine  what  we  have  been  able  to  buy 
with  our  tax  expenditures  thus  far  much  more  carefully  before  we 
onake  it  permanent,  anH  I  think  we  ought  to  realize  that  the  ap- 
proach it  takes  is  a  veYy  general  approach.  To  a  certain  extent,  we 
/  are  just  tossing  dollars  out.  . 

MnySfc  our  system  to  advance  the  entrepreneurial  process,  if  you 
will,  has  to  be  part  of  our  overall  approach.  It  *  is  a  general  ap- 
proach. I  also  think,  though,  we  needjiot  just  a  general  approach; 
we  need  a  specific  approach4.  Mr.  ftschau  and  I  have  gotten  into 
many  debates,  and  he  has  frequently  said  we  have  to  target  the  en- 
trepreneurial process  not  specific  industries.  My  rejoinder  has 
always  been,  yes,  we  must  target  the  entrepreneurial  process.  So  I 
do  not  oppose  what  you  are  advocating;  I,  too,  have  advocated  those 
things.  But  I  also  think  we  have  to  target  specific  industries,  espe- 
cially if  those  specific  industries  are  being  targefcd.    .  * 

■  m 
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Within  the  context  of  research  and  development,  I  think  we  have 
i  to  foster  an  atmosphere  where  research  and  development  can  pros- 
per. Perhaps  the  limited  use  of  our  Tax  Code  is  a  way  of  curing 
that,  but  I  also  think  we  have  to  go  from  the  general  to  the  specif- 
ic, and  we  have  to  foster  specific  research  projects,  too.  I  think  we 
are  not  doing  that  right  now.  If  it  is  being  done,  it  is  not  being 
done  adequately.  It  is  being  done  through  the  Defense  Department. 
It  is  not  being  done  through  Stevenson-Wydler.  It  is  not  being  done 
through  the  National  Science  Foundation,  insofar  as  the  type  of  re- 
search and  development  I  am  talking  about.  That  is  primarily 
basic. 

I  thtyilNve  need  a  complementary  approach. 

Mr.  Walgren.  I  would  like  to  recognize  my  colleagues  for 
thoughts  they  might  like  to  raise.  Mr.  Mineta. 

Mr.  LaFalce.  I  want  to  emphasize  again,  tpo,  that  I  am  goin&  to 
defer  to  the  much  greater  expertise  qf  this  Subcommittee  and  full 
comrhittee  that  have  been  'dealing  with  science  and  technology 
matters  sincoyoii  have  been  sitting  on  it  We  are  relatively  new  to 
this  area,  but  thefce  are  our  best  judgments  on  the  basis  of  the  evi- 
)  t  .dence  that  we  havfe  heard.  It  is  very  limited  in  comparison  to  what 
v>you  have  heapd.  •  "  * 

Mr.  Mineta.  John,  let  me  ask  you,  in  the  work  that  you  have^ 
done,  has  there  been  a  way  to  quantify  the  benefits  that  come  from 
direct-expenditure  programs  as  compared  to  tax-expenditure  pro- 
grams? 

Mr.  LaFalce.  I  think  the  National  Science  Foundation  has  at- 
tempt^ to  do  that  in  order  to  justify  their  programs.  I  wink  they 
have  concluded  that  there  is  a  much  higher  return. 

Mr.  Mineta.  Is  it  not  a  problemuhat  in  terms  of  a  direct  categor- 
M      ical  program  for  assistance,  R&ufrmi ovation  or  whatever  might  be 
referred  to,  that  first  of  all  you  haveHoJutfVe  a* agency  doing  that, 
and  second,  you  are  in  effect  going  through  that  whole  argument 
about  having  to  pick  winners  and  losers.  Should  we  be  doing  that? 

Mr.  LaFalce.  Does  not  the  National  Science  Foundation  pick 
winners  and  losers  every  day?  Does  not  the  National  Institute  of 
Health  pick  winners  and  losers?  Does  not  the  NASA  pick  winners 
and  losers?  Does  mot  the  Defense  Advanced  Research  Project 
Agency  [DARPA],  within  the  Department  of  Defense,  pick  winners 
and  losers?  The  difficulty  with  the  Tax  Code  is,  it  does  not  make 
any  attempt  to  pick  winners  and  losers. 'It  says:  Everybody  will 
Have  thiTHRmey,  no  matter  how  meritorious;  If  you  do  this  type  of 
-  activity,  we  are  not  going  to  be  discriminating.  , 

What  I  am  saying  is,  we  need  k  blend  of  both  approaches.  We 
need  thcf  general,  and  we  need  the  specific.  We  really  do  not  have 
the  'specific.  This  subcommittee  must  havQ  made  the  judgment, 
when  they  advocated  passage  of  the  Stevenson-Wydler  Act  on  a  % 
very  bipartisan  .basis,  that  you  needed  the  specific  approach.  The 
problem  with  Stevenson-Wydler  is  that  it  simply  has  not  been 
funded.  It  hasn't  been  funded,  in  large  part  I  think,  because  it  is 
sflfnply  one  of  many  responsibilities  of  the  Department  of  Com- 
merce, and  there  has  been  no  visibility  to  it. 

Insofar  as  the  need  for  thto,  too,  I  think  the  chairman  said  that 
%(*  maybe  ms  need  sdme  greater  study*  I  would  point  out  that  the 
Office  of  ^technology  Assessment  has  made  a  study  of  the  need  Jfor 
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such  an  institution.  They  did  it  at  our  request.  It  is  a  rather,  ex- 
haustive study,  and  they  said  clearly,  we  need  such  an  institution.  I 
would  refer  you  to  the  study  of  OTA  on  this  issue.  I  would  clarify 
that  this  is  a  staff  study;  it  h6s  not  been  adopted  in  toto  by  the  offi- 
cial board,  but  the  staff  study  is  quite  explicit  and  quite  definitive. 

Mr.  Mineta.  What  would  be  the  difference  between  your  ATF 
approach  versus  the  proper  funding  of  the  Stevenson-Wydler  Act? 

Mr.  LaFalce.  You  could  probably  do  it  either  way.  I  just  think 
that  you  are  going  to  be  able  to  develop  the  program  much  better, 
develop  a  constituency  for  it,  give  it  much  greater  visibility.  You 
are  going  to  be  able  to  enhancesrits  effectiveness  much  better 
through  this  approach.  If  this  subcommittee  makes  the  judgment/ 
we  *|ave  to  get  funding  of  Stevenson-Wydler  and  let's  put  all  our 
eggs  in  that  basket,  I  will  support  the  approach  of  this  subcommit- 
tee. I  think  we  would  have  a  better  chance  of  accomplishing  our 
♦goal,  of  being  successful,  if  we  try  to  create  a  new  agency,  inde- 
pendent, and  very  mission  oriented,  similar  to  the  way  we  created 
the  National  Science  Foundation. 

*'  If  we  iust  passed  a  law  giving  the  Department  of  Corrfmerce  the 
responsibilities  that  the  National  Science  Foundation  has,  I  think 
it  would  get  lost  in  the  overall  responsibilities  of  the  Department  of 
Commerce.  It  has  too  many  responsibilities.  I  think  the  National 
Science  Foundation  has  this  one  responsibility  for  science,  and  I 
think  we  ought  to  have  one  agency  with  this  one  responsibility  for 
technology.  I 

Mr.  Mineta.  Just  to  digress  a  bit  when  I  was  on  the  budget  com- 
mittee chairing  the  budget  proceS*  tpsk . force,  I  wanted  to  include 
in  the  budget  resolution  a  portion  Outlining  all  of  "the  tax  expendi- 
ture programs,  the*  revenues  that  we  were  losing  through  tax  ex- 
penditure approaches,  just  to  make  visible  how  much  •  we  were 
losing  in  revenues  as  compared  to  hoW  much  we  were  spending  in 
direct  programs  that  already  shqw  in  a  budget  resolution. 

As  we  try  to  get  a  handle  on  direct  speriding,  everyone  gets  more 
and  more  innovative  and  says,  "Let's  go -the  tax  credit  route  in- 
stead." I  have  no  problem  with  tax  credits.  I  think  we  also  have  to 
have  that  as  a  visible  item  in  terms  of  how  much  dollars  as  com- 
pared to  direct  expenditures. 

Mr.  LaFalce.  There  is  a  bias  on  the.  part  of  the  private  sector 
toward  utilization  of  the  Tax  Code.  They  almost  have  an  anti-Gov- 
ernment bias.  Because  of  the  anti-Government  bias,  if  ygu  go  to  the 
Tax  Code,  you  don't  have  to  deal  with  Government.  Afipo,  too,  you  , 
carv  spend  that  money  for  almost  anything  you  wani  Again.  I 
thifck  we  need  an  appropriate  balance  between  tax  incentives  and 
direct  funding. 

Mr.  Mineta.  Thank  you,  John,  for  your  leadership. 

Thank  you,  Mr.  Chairman,  ' 

Mr.  Walgren.  Mr.  Gregg. 

Mr.  LaFalce. «Mr.  Gregg,  more  than  jntybody,,  knows  how  little  1 
know  about  technological  and  scientific  matters  because  we  suf- 
fered through  a  computer  course  together. 

Mr.  Greco.  Obviously,  philosophically,  there  is  an  inconsistency 
with  my  basic  belief,  which  is  that  you  let  the  marketplace  settle 
this  issue. 
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Mr.  LaFau:k.  If  you  favored  3tevenson-Wydler,  if  y0U  favor  the 
Nati<*ial  Science  Foundation,  if  vou  favor  NASA  and  NIH,  if  you 
favor  DARPA,  VHo  not  think  we  have  ar\y  inconsistency  at  all. 

Mr.  Gregg.  Yes,  you  do,  because  the  National -Science  Founda- 
tion, for  example,  or  the  Departm£ftt  of  Energy  are  committed  to 
fbasic  research.  In  the  times  when  they  get  out  of  the  basic  research 
business  and  get  into  the  applied  research  area,  or  even  get  into 
the  commercialization  areas,  they  have  been  abysmal  failures. 

I  would  take,  for  example,  the  National  Science  Foundation's  ex- 
perience with  solar-heated  dog  houses  and  the  whole  applied  proc- 
ess that  they  went  through,  where  they  sought  grants  tor  the  com- 
mercialization activities  as  a  failure. 

'  The  question  I  guess  is:  How  can  we  as  a  government,  function- 
ing here  in  Washington,  even  if  we  set?  up  a  separate  entity  which 
is  science-oriented,  how  can  we  possibly  make  that  what  I  consider 
to  be  massive  leap  from  institutionalized  structure  to  that  individ- 
ualized initiative  that  creates  movemenfin  science  or  in  commer- 
cialization, that  entrepreneurial  spirit?  How  can  we  ever,  as  a  gov- 
ernment and  simply  by  the  constraints  put  on  a  government, 
expect  that  we  are  going  to  be  able  to  nick  out  and  choose  what  is 
going  to  drive  an  entrepreneurial  spirit: • 

Mr.  LaFalce.  How  is  DARPA  doing  it  today?  How  is  DARF* 
making  the  decision  to  advance  the  fifth-generation  computer? 

Mr.  Gregg.  That  is  different,  because  you  are  talking  about  spe- 
cific events.  If  you  want  to  be  specific,  and  if  you  want  to  say,  "All 
right,  in.  these  areas  we  afe  going  to  commercialize.  We  are  going 
to  move  the  Federal  Government  into  commercialization,"  then  we 
have  a  debate  on  each  one  of  these  areajjs.  We  come  to  the  conclu- 
sion that  in  the  national  interest,  we  ha?e  to  commercialize  the  su- 
percomputer, or  we  have  to  commercialize  in  the.  high-tech  area,  in 
the  long-term-energy  area  of  fusion.  We  have  to  pay  for  that  step. 
Or  breeder  technology,  which  I  do  not  happen  to  agree  with,  but 
we  made  that  decision  at  one  point.  - 

Fine.  We  make  those  decisions  on  massive  Federal  action  in  very 
targeted  areas,  however,  those  areas  are  defined  primarily  by  the 
*  fact  that  they  are  long-term  high-risk  areas.  For  us  a^ a  govern- 
ment to  just  set  up  a  great  big  pool  of  money  and  say,  "Come  and 
get  it"  to  the  commercial  sector,  we  are  never  going  to — I  think 
what  you  are  going  to  find  is,  you  are  going  to  have  just  a  whole 
series  of  solar  dog  houses  out  there  being  funded  by  people  at  the 
*  Federal  level. 

Mr.  LaFalce.  1  am  curious  as  to  what  the  difference  then,  other 
than  the  institutional  difference,  would  be  between  Stevenson- 
Wydler's  approach  and  ah  Advanced  Technology  Foundation  or  the 
National  Technology  Foundation  advocated  by  Chairman  Brown? 
Stevenson-Wydler,  as  I  understand  it,  would  provide  moneys  for 
the  commercialization  of  our  scientific  discoveries  for  technological 
development  and  advancement,  only  it  has  not  been  funded.  It  is 
rny  understanding  that  this  committee  thought  that  was,  on  a  bi- 
partisan basis,  t  he  most  necessary  and  wise  approach.  / 

Mr.  (ii<K<;<;.  I  cannot  speak  to  that  because  I  was  not  hereW  the 
time,  so  I  am  just  addressing  your  bill  right  now.  I  would  suspect 
that,  since  it  has  not  been  funded,  that  probably  answers  the  ques- 
tion: thfe  decision  was  made  that  it  is  not  going  to  work.  . 
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Mt.  LaKamw.  The  Reagan  Administration  has  spoken  of  Ste- 
phenson-Wydler  an  if  it  is  a  wondeHftf  law,  as  if  it  has  aHihievecf 
marvejous  results.  The  fact  of  th4^Atter*  is,  I  think  that  is  wore 
rhetoric  than  anything  else.  The##^ve  not  spoken  about  the  basic 
concept  of  it 

Mr.  Grkgg.  I  am  not  speaking  for  the  Administration;  I  am 
speaking  for  myself.  My  concept  is  that  the  Federal  Government,  * 
when  it  starts  getting  Into  the  business  of  commercialisation, -is 
goingvto  be  a  failure  because  institutionally  it  is  incapable  of  dis-k 
criminating  between  what  is  going  to  work  and  not  work  in  the  pri- 
vate sector.  Public  sector  activity*cannot  do  it.  But  I  would  be  * 
happy  to  yield  to  somebody  else,  \  • 

Mr.  Walgren.  In  deference  to  the  time  constraints  of  our  nekt 
witness,  I  think  I  ought  to  recb^nize  the  gentleman  from  New  York^ 
for  some  brief  thoughts,  and  then  we  qyght  to  get  on  to  Mr.  Youn^j 
who  has  a  time  limit  with  us  this  morning. 

Mr.  Lundink.  I  appreciate  the  chairman's  quiet  way  of  under- 
scoring the  word  "brief."  I  would  just  ask  unanimous  consent  to 
put  the  opening  statement  that  I  prepared  into  the  record  following 
any  opening  statements  by  the  ranking  minority  member.  % 

Mr.  Walgrkn.  Without  objection,  that  has  bfeen  so  ordered. 

Mr.  Lundink.  First  of  all,  I  would  iust  like  to  compliment  my  col- 
league and  friend.  I  have  been  in  the  Congress  for  8  years.  1  will 
4adjnit  that  I  have  a  bias  on  the  issue  or  a  pojpt  of  view  on  industri- 
al competitiveness,  but  I  have  never  been  privileged  to  participate 
in  hearings  as  comprehensive,  as  thorough,  or  as  interesting  as  the 
ones  that  he  chaired  on  the  Economic  Stabilization  Subcommittee. 
I  really  think  that  he  has  done  the  Nation  a  service  by  just  bring- 
ing put  all  the  different  points  of  view.  I  do  not  think  those  hear- 
ings were  any  attempt  to  squelch  any  particular  point  of  view. 
-  You  got  into  this  a  little  bit.  How  do  you  answer  the  charge  that 
what  you  are  going  to  do  is  allow  bureaucrats  to  choose  promising 
or  effective  technology,  when  in  fact  thfe  marketplace  is  the  only 
instrument  to  make  that  choice? 

Mr.  LaFalgk.  I  suppose  whenever  the  Government  is  involved, 
you  can  always  bring  up  the  word  bureaucrat  and  you  can  always  f 
bring  up  the  concept  of  winners  and  losers.  Ifthink  we  just  have  to 
understand  t^at  if  Government  has  to  be  involved,  you  have  to 
deal  with  arf  individual  who  works  for  the  Government;  and  if  Gov- 
ernment is  g*)ing  to  make  the  decision,  you  can  always  call  that 
Government  decision  "picking  winners  and  losers."  That  seems  to 
me  to  be  a  rhetorical  device  which  can  be  used  in  a  specific  circum- 
st&ice,  but  it  can  be  used  generally  against  any  Government  in- 
volvement in  any  activity  whatsoever.  You  can  always  talk  labout  a 
bureaucrat  because  you  are  always  tSf^ing  about  a  Government  of- 
ficial. You  can  always  talk  about  pickirft  winners  and  losers  when- 
ever Government  has  to  make  a  decision. 

So  you  would  have  to  argue  against  dealing  with  the  Govern- 
ment, aruj  you  would  have  to  argue  against  the  Government 
makiitipfeciHions.'  How  can  you  structure  this?  Well,  this  is  up  for 
grabs  lis  to  how  you  can  structure  it.  But  certainly,  you  know  how 
much  1\  favor  the  concept  of  consensus.  It  would  seem  to  me  that 
one  of  the  first  things  you  would  do  would  be  to  get  together  the 
private  Sector,  and  within  the  private  sector  you  would  have  to  say, 
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"What  do  we  reufly  ncidjf'Whu^wouW  you  ltke/to  do  if  you*  had "the* ; 
money  to  do  it?"*Then  you  are  going  to  hav©  to  make  some  judg- 
ments.  /  •*•        i  7  • 

There  is  going  to  be  disajgreement  within  the  industries.  There  is  w 
Aing  to  be  disagreement  within  th«  private  sector.  The  National 
Science  Foundation  has  a  number  of  advisory  panels-  that  assist 
them  in  their  effort.  So  I  do  not  have  any  hard' and  fast  approach 
that  should  beused,  but  certainly  I  would  want  tremendous  input 
from  the  private  sector  as  to  \yhat  is  needed.  / 

Mr.  Lundine.  Recognizing 'the  time  constraints,  I  would  just  like 
to  follow. up  briefly.  The  National  Science  Foundation,  as  vou  • 
know,  -has  a  system  of  peer  review.  Are  y6u  .suggesting  a  softt-of  an 
industrial  peer  review  process? 

Mr.:  LaFalce.  Absolutely.  , 

Mr.  Lundine.  Thank  voli. 

Mr.  LaFalce.  That  is  not  without  its  own  difficulties,  to  be  sufe^ 
but  w^iftiust  make  decisions  somehow  and  I  think  that  is  probably 
the  besTapproach1  to  metke  decisions. 

Mr.  Rittbr.  I  appreciate  all  the  work  that  the  gentleman  from 
New  York  has  done  ort|  this  subject.  I  would  jtist  like  to  point  out 
that  his  proposal  for  this  supergroup  of  .peers  to  review  is  perceived 
very  differently  By  different  segments  of  the  society.  There  is  a  seg- 
ment that  perceives  this  industrial  policy  allocation  process  as  ca- 
pable of  helping  those  that  are  in  dire  need  of  help  to  somehow 
overcome  their  shortcomings,.   .  w 

Mr  LaFalce.  You  ar/TalEing  about  H,R.  4360,  I  believe,  Don,  , 
and  this  is  H.R.  4361.  rVeally  would  like  to  limit  it  to  H.R.  4361, 
and  maybe  we  could  debate  H.R.  4360  at  another  time. 

Mr.  Rittkr.  What  is  the  difference  between  H.R.  4361  and  H.R. 
4360?  '  .      *  . 

Mr.  LaFalce.  H.R.  4360  would  establish  a  Council  on  Industrial 
Competitiveness.  H.R.  4361,  which  I  am  discussing  today;  would  4 
create  an  Advanced  Technology  Foundation.  I  think  you  are  talk- 
ing about  the  bill  that  you  considered  in  the  Energy  and  Commerce. 
Committee.  That  is  not  the  bill  that  we  are  considering  today. 

Mr  Ritter.  Please  excuse  my  misunderstanding  of  1  digit  out  of 
4,360 '-bills. 

Mr  Walgren.  We  could  submit  some  outline  of  the  reservations 
.  that  might  be  had  about  this  bill  for  the  record/if  you  want. 

Mr  Rittkr.  I  have  somewhat,  different  concerns -about  this  one, 
but  I  think  at  this  poinj  I  would  like  to  defer  to  the  chairman  anq> 
get  on  with  the  schedule.  .  • 

Mr  Walgren.  I  appreciate  the  understanding  of  the  members 
that  they  are  extending  the  Chair  at  this  point.  I  want  to  under- 
score Mr.  Lundine's  respect  for  the  work  that  you  have  done  in  this 
'.area,  particularly  the  hearings  and  the' record  that  has  flowed  from 
them;  and  express  our  appreciation  and  respect,  for  your  involve;' 
ment  in  this  area.  c  , 

Mr  LaFau;e.  Thank  you.  And  I  want  to  underscore  my  realiza- 
tion th0t  the  members  of  this  subcommittee  have  far  greater 
knowledge  and  expertise  in  this  area  than  do  I  or,  generally  speak- 
ing, the  members  of  my  subcommittee  and.committee  and  our  wish 
to  defer  to  you  and  to  cooperate  with  you  as,  you  make  your  delib- 
erations and  judgments.  \  .  ' 


Mr.  Walmkkn.  Th^nk  you  very  much.  -••;  /"V  - 

At  this  time,>I  would  like  to  recognize  Mr.  Mir^ta!  One  of  the 
great  virtues  of  the  Congress  is  that  we  come  from  all  sfectors  of 
the  country.  Therefore,  we  often  have  members  who  are*  intensely 
involved  with*  areas  of  the  country  where  private  citizens  who-  are 
making  significant  contributions  are  constituents  and  are  in  our 
immediate  areas.  Coming  from  the  pen|nsula  area  of  San  Francis- 
co, that  is  the  case  with  this  next  witness,  and  I  would  like  to  rec- " 
ognize  Mr.  Mineta  for  his  introduction.  ^ 

Mr.  Mineta.  Thank /you  very  much,  Mr.  Chairman.  It  is  clear 
from  the  range  of  billq  presently  under  consideration  by  this  sub- 
committee that  there  are  a  myriad  of  approaches  the  Government 
might  use  in  encouraging  and  supporting  technological  develop- 
ment in  the  United  States.  To  proceed,  however,  we  mustTnave 
some  clear  understanding  of  how  industries  presently  in  the  fore- 
front of  technological  development  and  marketing  envision  Govern- 
ment cooperation  in  th*b  areas  of  expertise. 

Hewlett-Packard  is  a  company  located  in  Mr.  Zschau's  district,  in 
our  area  known  as  Silicon  Valtty/dnd  since  shortly  aftei^its 
modest  beginnings  has  been  recognized  as  a  leader  in  the^erv  cre- 
ative and  competitive  world  of  high  technology.  The  prUPlent  of 
Hewlett-Packard  and  its  chief  executive  officer  is  Mr.  John  Young,  • 
a  gentleman  of  considerable  experience,  not  onlv  in  mduatry  itself 
but  also  in  the  Air  Force  Research  and  Developmenfy^tnmand 
and  currently  as  chairman  of.  the  President's  Commission,  oh  Indus- 
trial CdmAjtitiveness.  We  are,  therefore,  especially  fortunate  in  „ 
having  MrTYoung  appear  before  this  subcommittee  today  to  share 
.with  us  many  of  his  own  thoughts  on  the  issues  /before  us  and  to 
•set  forth  some  of  the  conclusipns  and  thoughts  put  forth  by  the 
Commispion  which  he  noiy  chairs. 

He  is  a^  graduate  of  Oregon  State  University,  and  just  as  the 

g ergon  who  chairs  this  subcommittee  I 'believe  has  his  Ph.D.  from 
t  t'anford  University,  and  our  colleage,  Mr  Zschau,  has  his  Ph.D. 
alfco  from  Stanford  University,  our  witness  next  has  his  MBA  from 
Stanford  University.  In  contrast,  I  am  a  Berkeley  graduate.  Al- 
though Mr.  Young  is  the  vice  president  of  the  board  of  trustees  of 
Stanford  University,  and  notwithstanding  Mr.  Young's  credentials, 
I  am  just  pleased  to.  fill  the  room  with,  as  many  Californians  as  pos- 
sible. So  I  \fcoijld  like  to  welcome  Mr.  Young,  Mr.  Chairman. 

Mr.  LuNdiNk.  At  the  risk  of  taking  all  of  the  time  tor  introduc- 
tions, I  wonder  if  Mr.  Zschau  would  like  to  say  anything. 

Mr.  Zschau.  I  would  judt  like  to  welcome  the  witness,  my  good 
frieljd,  John  Young.  One  thing  I  might  add  is  that  the  Hewlett- 
PacHltd  Co.  is  regarded  around  the  world  as  one  of  the  best-man- 
aged companies,  not  just  in  the  electronics  industry  but  in  all  in- 
dijstries.  It  is  a  real  tribute  not  only  to  the  founders  of  the  compa- 
ny but  its  current  chief  executive  officer,  Jt>hn  Young. 

Mr.  Lunmne.  From  a  different  part  of  the  country  and  probably 
a  different  perspective,  I  would  like  to  say  that  I  viewed  the  Presi- 
dent's Commission  on  Industrial  Competitiveness  with  a  great  deal  ' 
of  skepticism,  maybe  one  might  even  say  cynicism,  particularly  be- 
cause it  was  originally  due  to  give  its  rtport  within  two  months  of 
the  4984  elections.  From  what  I  oan  tell  of  what  is  going  on/ 1  am 
pleasantly  surprised,  It  is  not  tfye  first  time  I  have  been  wrong,  but 
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I  am  roaiiy  delisted,  Mr.  Young,  with  your  work  in  that  regard 
and  also,  I  might  say,  delighted  that  you  have  persuaded  somebody 
to  delay  the  report  because  1  think  it  enhances  its  credibility  be- 
cause of  the  elections  to  delay  it  until  sometime  later  this  year.  We 
really  do  welcome  you  and  appreciate  your  appearing  here. 

STATEMENT  OF  JOHN  A.  YOUNG,  CHAIRMAN,  PRESIDENT'S  COW- 
MISSION  ON  INDUSTRIAL  COMPETITIVENESS,  AND  PRESIDENT 
AND  CEO,  HEWLETT-PACKARD  CORP.,  PALO  ALTO,  CA 
Mr.  Young.  Thank  you  very  much,  Mr.  Lundine.  I  have  ve'ry 
much  looked  forward  to  appearing  before  this  subcommittee,  and  I 
have  submitted  my  remarks  irf  advance.  • 
Mr.  Lundine.  Your  entire  testimony  will  be  made  a  part  of  the 

record.  .  _  ... 

'  Mr.  Young.  Thank  you,  and  I  will  just  synopsize  a  few  things 
from  that  in  the  interest  of  time  and  then  respond  to  any/ questions 
any  of  you  have.  '  "  /  ' 

I  believe  the  subcommittee  has  picked  an  important  area  ot  in- 
quiry. Our  competitiveness,  in  nw  view,  can  no  longer  be  taken  foV 
granted  even  by  many  of  the  arws  which  we-regard  as  the  leading 
edge  of  our  competitive  strength  Like  the  electronics  afeatfor  ex- 
ample. It  is  interesting  to  observe  that  last  year  the  bilateral  trade 
deficit  between  the  United  States  and  Japan  in  electronics  was  a 
negative  $8  billion,  only  a  few  billion  short  of  flae  Carter  trade  defi- 
cit So  I  do  not  think  we  can  be  too  sanguine  apout  our  abilities  to 
do  everything  we  can  to  facilitate  the  competitiveness  of  our  coun- 
try and  our  leading  technology  industries. 

The  technology  area  is  certainly  important  to  our  country.  Prod- 
uct technology  has  allowed  us  to  have  unique  and  advanced  prod- 
ucts that  have  real  value  in  the  marketplace.  Process  technologies 
have  created  proprietary  methods  for  manufacturing  things  at  low 
cost  historically,  and  these  things  combined  to  provide  the  higher 
standard  of  living  That  our  Notion's  citizens  enjoy.  I  think  very 
clearly  at  stake  is  the  ability  "to  continue  that  higher  standard  of 
living,  and  that  meals  continuing  to  earn  that  kind  of  return  in 
order  to  justify  that  s^ndard.  \ 

These  kinds  of  ideas  are  very  much  along  ute  lines  ot  the  presi- 
dent's charter  to  the  Commission  on  Industrial  CompetitivWess. 
We  are  not  only  looking  at  the  competitive  nature  of  the  technolo- 
gy base  industries  but  also  the  use  of  technology  in  a  wide  variety 
of  the  more  basic  industrial  sectors  in  order  to.  improve  the  conP 
petiUveness  of  that  activity.  This  Commission  waB  established  by 
the' President  in  June  1983,  and  as  you  indicated,  Mr.  Lilhdine,  we 
are  to  complete  our  work  by  December  1984. 

There  are  30  commissioners,  including  a  wide  variety  of  academ- 
ic leaders,  business  leaders,  the  President  science  adviser,  union 
members,  and  so  forth.  I  appreciate  your  complimentary  remarks; 
the  Commission  is  hard  at  work,  and  we  are  indeed  broadly  study- 
ing this  question  and  certainly  we  respect  Congressman  LaFalce  b 
work  in  tnis  area  as  well. 

I  would  like  to  take  a  couple  of  minutes  to  outline  some  of  the 
broader  commission  work  and  give  you  a  feel  of  the  complexity  of 
the  competitiveness  issue.  While  we  also  concluded,  that  technology 
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is  kind  of  a  centerpiece  of  much  of  what  we  ur^  talking  about,  it  is 
indeed  a  complicated  issue,  an  interrelated  issue  of  competitive- 
ness. One  could  excel  at  technology  and  still  lose.  For  example,  it  is 
clear  from  the  testimony  we  have  taken,  one  of  the  few  times  that 
a  Vhole  series  of  economists  have  agreed  on  anything  that  I  am 
aware  of,  they  unanimously  feel  that  the  cost  of  capital  in  the 
United  States  is  between  P/a  and  4  times  greater  than  Jhat  of  one 
of  oyr  leading  trading  partners,  Japan. 

So,  having  the  best  technology  still  is  not  enough  to  necessarily 
ensure  competitiveness,  and  that  is  why  1  would  continue  to  under- 
score your  interest  in  and  understanding  of, a  whole  set  of  related 
issues.  It  is  not  possible  to  drive  things  ahead  on  a  single  point,  but 
rather  one  needs"  to  look  broadly  at  these  issues  and  rtiake  sure 
that  a  set  of  complementary  policies  come  about.  Government  is 
frequently  criticized  for  having  conflicting  goals  and  directions 
with  respect  to  these  issues. 

Our  own  Commission  s  work  is  organized  into  four  committees. 
One  is  human  resources,  including  skills,  attitudes,  and  costs  for 
resources,  ^ife  are  looking  at  capital  resource  questions,  as  I  indi- 
cated, various  alternatives  with  respect  to  outside  areas  like  the. 
savings  rate,  tax  policy,  but  also  internal  cash  fW  generation 
mechanisms.  We  are  looking  at  questions  of  international  trade,  a 
myriad  of  ways  in  which  international  practices  either  serve  to 
limit  our  access  to  markets  or  to  prejudice  American  firms'  com- 
petitiveness, and  in  what  ways  we  can  effectively  promote  exports 
pnd  respond  to  unfair  practices.  Of  course,  one  of  the  most  impor- 
tant areas  wq  are  looking  at  Is  research  and  development  and  pian- 
ufacturing  technologies,  and  the  role'of  technology  in  promoting 
competitiveness. 

We  Jjave  found  some  very  strong  interest  "in  these  areas.  For  the 
Administration,  we  work  with  Secretary  Baldrige  and  the  Cabinet 
Council  on  Commerce  and  Trade.  We  have  been  encouraged  by  the 
Administration's  people  to  bring  forward  recommendations  as  they 
occur.  That  is  a  little  bit  of  a  different  approach  for  ft  commission 
which  often  goes  off  and  then  tarings  back  a^/inal  repdrt.  We  are 
trying  to  have  an  interaction  on  an  on-going  basis,  and  t  think  this 
has  been  quite  helpful  in  keeping  us  directed  and  beginning  to 
form  an  interaction  with  a  broader  set  of  people,  including  this' 
Commission. 

We  have  already  made  some  recommendations  concerning  re4 
search  and  development  issues,  incentives  to  invest,  protection  of 
intellectual  property,  afllitrust  barriers,  aijd  this  sort  of  thing.  We 
have  a  continuing  agenda  in  the  research  and  development  area, 
having  fb  do  with  innovation  of  commercial  products;  what  we  can 
do  to  strengthen  this  area,  somewhat  along  the  lines  of  the  discus- 
sion juk  preceding.  We  have  Asked  Bill  Miller,  president  of  Stan- 
ford s  SRI  International,  to  lead  a  small  ad  hoc  group  looking  spe- 
cifically at  this  question.  We  haVe  been  looking  at  the  manufactur- 
ing technology  issue.  It  is  rather  interest^*  to  find  that  only  two 
universities  we  can  identify  have  any  kind  of  a  graduate-level  re- 
search and  faculty  training  program  in  manufacturing  research.  In 
fact,  IBM's  $50  million  gfant  to  accelerate  the  development  of  this 
area,  has  been  a  very  pivotal  one,  really,  galvanizing  things  into 
action,  providin^the  resources  to  move  this  important  area  ahead, 
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We  are  looking  "at  questions  about jfetting  more  value  from  the 
U.S.  national  laboratories,  founded  afabout  $16  billion  a  year,  and 
we  are  looking  at  partnership  relationships,  including  leapfrog 
technologies  in  steel  as  at  least  one  possibility  of  getting  additional 
value  and  coupling  on  this  basic  research  investment. 

I  would  like  to  just  say  a  word  or  two  about  Hewlett-Packard  Co., 
about  our  own  organization  and  some  observations  on  the  research 
And  development  effort.  We  will  spend  $000  million  in,  our  company 
this  year  on  R&D/  It  is  the  third  largest  private  electronic  research 
and  development  program  in  the  United  States.  We  have  almost 
/half  of  our  business  outside  the  United  States,  and  we  are  the  13th 
largest  exporter  in  dollar  terms  in  the  United  States.  So  we  are  a 
very  important  earner  of  foreign  currency  for  the  United  States. 

Year  in  and  year  out,  we  find  that  research  and  development 
drives  our  whole  business,  and  that  in  any  year,  one-half  of  our 
orders  will  come  from  product*  introduced  in  the  preceding  8  years. 
So,  organizing  to  retain  the  entrepreneurial  spirit  as  we  grow  to 
80,000  employees,  and  to  continue  to  facilitate  this  flow  of  products 
*    and  associated  processes  is  really  at  the  heart  of  what  we  dd.  * 

Our  research  and  development  director,  who  has  just  retired,  had 
a  wonderful  saying.  He  said  that  the  difference  between  theory  and 
practice  is  that  practice  takes  into  account  all  of  the  theory.  I  Could 
not  help  thinking  about  that  saving  as  I  was  hearing  Representa- 
tive LaFalcc  discuss  how  the  R&D  tax  credit  really  does  not  have 
any  effect,  since  in  our  own  company,  spending  $600  million,  we  ac- 
tually raised  our  spending  by  1  full  percentage  point  of  sales 
during  this  period.  So,  again,  I  refer  to  the  difference  between 
theory  and  practice— and  you  can  take  this  datum  point  for  what  it 
is  worth. 

So  the  Question  is,  what  oan  we  do?  What  could  the  public  sector 
do  to  facilitate  things  from  the  frame  of  reference  of  the  Hewlett- 
Packard  Co.  Frankly,  I  do  not  think  I  can  comment  on  the  six  bills 
that  you  have  before  you.  They  are  quite  a  complex  array.  But 
rather,  I  backed  up  and  thought  that  maybe  there  were  some  cardi- 
nal points— I  called  them  'Tacts"  in  the  testimony— that*have  some 
associated  criteria  about  them  that  might  serve  as  benchmarks. 
They  represent  some  points  of  view  of  mine  that  I.think  are  mostly 
subscribed  to  by  members  of  the  President's  Commission  that 
ought  to  be  benchmarks  used  in  evaluating  legislation. 

Pact  No.  I:  I  think  it  is  difficult  to  predict  which  technologies  are 
going  to  be  successful  in  the  marketplace.  Time  after  time  we  find 
that  even  skilled  judgments  of  companies  involved  are  incorrect. 
One  of  the  stories  I  think^Jiat  catches  the  flavor  of  this  is  one  Bob 
Noyce,  who  was  the  cofounder  of  Intel  and  the  inventor  of  the  mi- 
croprocessor, likes  to  tell  on  hirrjself.  He  recites  the  story  about  his 
wife,  Ann,  who  asked  his  advice  about  making  an  investment  in  a 
small  company.  After  thoroughly  reviewing  the  issue,  Bob  recom- 
mended thj*t  she  not  make  this  investment  because  he  was  pretty 
sure  that  the  field  they  were  in  was  not  t<jo  promising.  After  all, 
how  many  people  could  possibly  be  interested  in  having  a  personal 
computer.  Of  course,  the  company  turnedjjMlt  to  be  Apple;  it  is  now 
a  billion  dollars  A  year  company.  His  mfe.  works  for  Apple,  as  a 
matter  of  fftct;  and  Apple  is  one  of  the  largest  customers  for  Intel's 
circuits.  So  you  see,  even  those  witli  a  very  good  view»of  the  tech- 


nology  and  -refuted  business  areas  find  that  this  is  really  the  cen- 
tral part  of  making  business  judgments. 

We  think  that  the  closer  to  the  market  you  are,  the  better  you 
are  K°in«  to  do  that,  but  it  is  extremely  hard  to  b6  very  good,  even 
when  you  are  vept^Jjjpe.  We  quite  agree  with  the  theory  that  Ed 
ZHchau  espousesCthans,  target  the  process  of  innovation,  build  up 
the  capability,  fill  the  bowl  fuller  so  that  more  unci  more  people 
can  benefit  from  this  and  draw  on  additional  resources  and  put 
them  to  work  using  their  own  insights  and  knowledge  of  the  mar- 
ketplace to  make  that  happen. 

Pact  No.  2:  The  marketplace  is  continuously  changing.  Proposals 
should  provide  for  feedback  from  the  marketplace.  Public  policy  de- 
velopment should  be  coupled  to  the  market  through  some  kind  of 
mecnanism^uch  as  shared  funding  or  ways  of  aligning  the  pur- 
post^  of  the  market  with  the  funders.  Again,  I  could  not  help  but 
respond  to  Representative  LaFalce's  response  to  a  question  about 
going  out  U)  aslUndustry  what  they  would  like  to  have  happen  and 
what  they  would  like  to  fund.  That  is  fine;  you  can  do  that,  but  at 
the  same  time,  you  ought  to  ask  them  if  this  is  so  important,  why 
aren't  you  doing  it  already.  What  is  it  that  you  are  doing  instead  of. 
this? 

The  list  you  are  going  to  get  is  the  list  that  just  fell  off  of  their 
own  set  of  priorities.  Guaranteed.  That  is  the  last  one  they  did  not 
fund.  $o  it  gives  you  flome  benchmark  about  Where  it  falls  in  their 
hierarchy  of  things  they  probably  want  to  do. 

Fact  No.  3:  Capacity  to  fund  research  depends  on  our  ability  Jo 
reap  rewards  from  that  research  investment  over  time  so  the  re- 
sulting products  6f  innovation  can  be  sold  in  world  markets.  There- 
fore, successful  technology  products  must  be  competitive  irf  two 
fundamental  ways,  in  both  cost  and  quality.  The  Japanese  have 
shown  that  technology  can  be  imported— most  of  their's  is— but  the 
careful  attention  to  manufacturing,  both  in  cost  and  quality,  really 
has  tremendous  competitive  characteristics  in  itself.  So  manufac- 
turing technology  must  be  given  serious  investigation,  and  the  re- 
quirements must  be  considered  very  much  as  part  of  the  research 
charter.  We  must  very  much  address  the  quality  and  cost  issue. 

So  innovations  and  process  technology  can  help  minimize  the  dis- 
advantage of  high-Qost  human  resources.  In  fact,  that  is  the  princi- 
pal way  in  which  we  must  gain  the  productivity  that  can  retain  the 
standard  of  living  differences  that  we  enjoy. 

Fact  No.  4:  Technology  is  dynamic  and  mobile.  It  goes  to  indus- 
trializing nations,  such* as  Korea,  which  just  20  years  ago  was  ill  a 
great  shambles,  already  has  state-of-the-art  technology  that  is  y«ry 
comparable  to  the  best  in  the  world  and  is  rapidly  getting  into'  the 
semiconductor  business.  So  these  proposals  must  recognize  that  the 
time  available  to  firms  for  development  is  shrinking,  the  lability 
of  technology  is  growing  around  the  world,  and  developing  coun* 
tries  -are  finding  new  strategies  to  cut  across  old  developmental 
ideas  of  using  low-cost  labor  in  making  textiles,  for  example. 
Rather,  they  are  catapulting  to  the  front  jtf  the  technology  area  as 
basis  for  development 

Fact  No.  5:  There  are  limited  Federal  funds  to  support  R&D  gen- 
erally, and  no  other  organization  is  likely  to  fund  significant 
amounts  of  basic  uepearch.  This  Is  the  fundamental  role  of  govern* 
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ment.  So  other  kinds  of  proposals  to  help  in  applied  research 
should  not  divert  existing  Federal  fundings  of  the  nasic  research 
program.  Federal  assistance  should  not  displace  already-planned 
private-sector  research  either:  That  would  be,  again,  a  useless  ap- 
plication of  Federal  money. 

Fact  No.  (i:  We  think  research  done  on*  university  campuses  pro- 
vides the  dual  benefits  of  advancing  basic  knowledge  and  providing 
critical  training^for  engineers  and  scientists.  A  great  deal  of  the 
basic  work  in  tne  country  is  done  by  the  leading  research  universi- 
•  ties,  and  we  think  proposed  policies  should  probably  explore  the 
possibilities  for  using  universities  a&  the  vehicle  for  research  pro- 
grams. 

Dave  Packard  has  completed  a  study  as  .part  of  the  President's 
private-sector  studies  on  cost  control,  in  which  he  believes  that 
more ■ef  feet  ive  management  of  the  Federal  laboratories  might 
result  i\jrfivTngs  of  $ti  to  $9  billion.  If  that  indeed  were  the  case, 
and  if  that  money  could  be  redeployed  to,  let's  say,  the  universities,  ■ 
you  would  literally,  double  the  level  of  university  research  support 
from  the  FederaKGovernment.  ( 

These  are  directions  to  review.  Of  cou\se,  building  the  faculty 
structure  up  and  the  supporting  equipment  and  facilities  is  abso-. 
lutely  critical.  I  am  sure  this  committee  is  well  aware  of  a  serious 
faculty  appointment  situation.  Between  Hfand  20  percent  of  the 
. *  faculty  appointments  in  key  engineering  disciplines  are  unfilled 
today.  U.S,  youngsters  are  not  choosing  graduate  study  for  the 
Ph.D.  as  a  field  nor  going  into  the  faculty  profession.  George  Low> 
president  of  Rensselaer  Polytechnic  and  a  member  of  our  commis- 
sion, ha»  documented  this  subject  quite  well,  and  I  attach  his  paper 
to  my  testimony. 

So  we  think  that  the  criteria  mentioned  here  are  consistent  with 
the  lessons  we  have  learned  from  our  own  experience  at  Hewlett- 
Packard,  as  well  as  the  observations  that  one  can  draw  from  past  , 
government  activities,  and  I  hope  you  find  them  useful  in  your  con- 
siderations of  legislation  before  you.  With  that,  I  am  happy  to  re- 
spond to  questions. 

(The  prepared  statement  of  Mr.  Young  follows:] 
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Thank  you  for  the  opportunity  to  address  the  Subcommittee  on  the 
•  question  of  Keder.il  and  private  support  for  technologyr4eve!opment  and 
industrial  innovation;  % 


an  area  which  play's  a  key  role  in  the  future  of  U.S.  competitiveness. 
The  i;on»potit iveness  of  American  industry  can  no  longer  be  taken  for 
grarny£.  Definite  the  current  upturn  in  the  economy,  we  are  troubled  by 
long-term  trends  affecting  our  ability  to  compete  in  world  markets.  As 
evidence,  let  me  cite  the  fact  that  even  the  electronics  industry  —  which 
is  oft  on  noted  riYi  one  of  the  strangest  growth  sectors  of, our  economy  — 
suffered  a  $fl  billion  trade  deficit  with  Japan  last  year.  That's  almost  as 
large  a  bi  I  at  (  ral  trade  deficit  as  flieoM.S.  automobile  industry.  So  the 
del  llxj  rat  ions  of  this  Subcyiltfiittee  arc  very  welcome. 

Ihc  fcx'uii  of  this  heat  ing  is  both  timely  arxl  appropriate*  Technology 
always  has  ttmtt  ilmt  eu  signirf  Leant ly  to  America's  high  standard  of  living 
and  it.  has  done  so  vii  two  waysv  Kirst,  we  have  incorporated-  techno  logy  into 
<hii  pK^Jucts,  nwikijiu  them  so' unique  that  we  could  charge  a  premium  price 
,f:prrihei;\  .J?ecij*»Uy,  wo  l.iav*r  applied. :  technology'  to  t^he  matnufacture  of  Our. 
products,  increasing  our.  productivity  to  the  point  where  our  products  could 
be  cost  v'omiietitlve,  oven  with  a  workforce  which  earns  a  ♦higher  wage  than 
many  workers  elsewhere.  I  believe  both  product  and  process  technology  ace 
strongly  linked  to  our  nation's  standard  of  living.  Therefore,  the 
continued  maintenance  of  our  national  well-being  calls  for  increased 
ef torts  to  maintain  our  technological  edge. 

Hie  ^tfHicknit     CutrussifSn  gn  Industrial  Cotrjx?t i ti venefs 

We  subject  of  this  heating  also  is  very  consistent  with  the  charge  of- 
the  President's  commission  on  Industrial  Competitiveness,  one  of  the 
Cumm i ss i on1  s  pt  ime  areas  of  interest  is  technology  both  the 
competit  iveness  of  Amer  ica's  techno  logy '-ha  Bed  industries,  qs  well  as  the 
use  of  technology  as  a  competitive  tool  in  a  wide  variety  of  industrial' 
sectors.  Our  charge  from  President  Reagan  is  to  review  means  of  increasing 
the  lorxf*term  oomjietit  lvehess  of  U.Si.  industries  at  home  aftd  abroad,  and  we 
ate  to  tpi.-ummund  to  the  President  policy  changes  at  all  levels  of 
government  to  improve  the  private  sector's  ability  to  compete. 

bst.dbl  ished  l  y  President  Reagan  in  June  1983,  we  are  scheduled  to  end 
our  work  by  becei.iirwr.il  of  this  year.  The  Commission  consists  of  it 
members  from  industry,  universities,  and  "unions  with  governmental 
representation  by  l  i,  Ueorge  Key  worth,  Science  Advisor  to  the  President. 
Oui  members  are  distinguished  leaders  in  their  respective  fields  arm 
represent  a  diversity  of  viewpoints.  Th«y  are  ideally  suited  to  corilftibute 
to  a  national  dialogue  on  the  kinds  of  actions  requlr«4  by  the  public  and 
private  sectors  to  make  U»S»  industries  more  competitive* 
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In  response  to  our  assignment,  we  are  submitting  individual  action 
recommendations  to  the  Cabinet  Council  on  Commerce  and  Trade  as  consensus 
is  reached.  We  also  are  wbrking  on  a  framework  which  will  articulate  an 
overall  strategy  for  U,S.  competitiveness.  Both  wil#.  be  incorporated  into 
our  final  report. which  will  be  submitted  to  the  President  when  the 
Commission  completes  its  work*  Through  this  approach,  we  hope  to  produce  a 
long-term,  action-oriented  plan  which  can  play  a  useful,  positive  role 
long  after  the  Commission  ceases  to  exist. 

The  action  recommend^itions  mentioned  above  are  being  developed  and  OJt 
before  the  full  Commission  for  approval  by  its  fpur  committees,  earch 
charted  to  covfcr  a  critical  competitiveness  policy  area.  These  four  a/eas 
are:  human  resources,  capital  resources,  international  trade,  and  Rfd5  and 
^Manufacturing,  The  overall  framework  to  help  integrate  these  separate 
policy  areas  is  being  developed  by  a  fifth  committee  headed  by  Dr.  Michael 
Potter  of  Harvard  University,  The  initial  work  of  thia  committee  focused 
upon  identifying  competitive  factors  that  hold  the  most  promise  for 
ensuring  an  American  advantage.  The  entire  Commission  is  in  consensus  with 
its  conclusion  that  technology  is  where  the  U.S.  has  a  great  opportunity  to 
leverage  its  strengths. 

Issue  Areas  Under  Study  py^Bhe  Commission 

1  would  1  ik<?  to  take  a  few  minutes  to  discuss  the  issues  being 
addressed  by  each  of  our  four  committees.  This  wiTl  give  you  a  feel  for 
the  complexity  of  the  cornpetit iveness  problem  and  the  fact  that  there  are 
many  factors  affecting  our  ability  to  compete  in  technology  markets, 
fndeed,  those"  issues  could  overwhelm  our  technological  excellence.  * 

*  •   1  ... 

pot  example,  a  critical  factor  determining  economic  success  of  U.S. 
finds  is  the  state  and  stability  of  the  U.S.  economy.  Inflation,  high 
interest  rates,  and  uncertainties  about  future  economic  conditions  could 
mitigate  the  t*?not its  of 'other  policies  to  help  industrial  competitiveness, 
Therefore,  attention  by  all  policy  makers  should  be  given  to  ensuring 
stable  and  viable  economic  grosJth.  Other  proposals  should  be  reviewed  for 
their  contrUxit  ion  to  this  goal 5  ^ 

Returning  to  the  Commission's -wor^k,  our  human  resources  committee  is 
examining  the  skills  and  attitudes  our  workforce  will  require,  as  well  as 
ways  we  can  minimize  the  competitive  disadvantage  posed  by  the  hi^h  cost  of 
the  American  workforce.  We •  recognize  i that  America's  high  standard  of 
living  has  to  be  earned:  that  thfc  marketplace  doesn't  bestow  it  upon  us  as 
,i  right.  Earning  that  standard  of  living  will  require  us  to  improve 
productivity,  and  that  again  points  to  your  emphasis  Q|i  technology  — 
especially  process  technology,    i  ,  ^ 

Second, *our  capital  resources  committee  is  examining  the  role  of 
capital  as  part  ofour  ability  to  compete,  we  are  certain  that  the  high 
cost  of  capital  in  the  U.S.  relative  to  Japan  puts  us  at  a  real 
disadvantage.  We  can  cite  the  Japanese  success  in  tile  U.S.  semiconductor 
market  as  an  nxample  where  high  capital  costs  have  put  American 
manufacturers  at  a  strong  disadvantage  in  a  *UeI<1  where,  we  Voriginally 
were,  and  in  the ^ame  respect  still*  are,  technologically  domlnarV 
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Third,  cur 'intemaional^  trade  committed  is  exploring  the  complexities 
of  the  international  market-place  and  the  myriad  of  ways  international 
practices  limit  access  by  American  firms  to  technology  markets.  This 
oommitteealso  is  investigating  ways  the  U.S.  can  more  effectively  promote 
exports  arM  respond  to  unfa lr  .foreign  trade  practices  in  a  more  timely 
.  manner .  \ 

Our  lasl  committee,  R&D  and  manufacturing,  is  reviewing  the  role  of 
technology  iff  providing  a -competitive  edge  for  American  industry,  and  I'll 
be  returning  shortly  to  some  of  its  —  as  well  as  the  other  committees'  — 
conclusions  so  far.  s 

We  have  found  a  strong  interest  in  these  difficult  issues  by  Cabinet*  / 
members  —  Secretary  Malcolm  Baldtrige  in  particular  —  as  well  as  the  White  \ 
House  and  key  Members  of  Congress  from  both  political  parties.  This 
interest  is  significant  because  of  the  promise -It  gi veil  for  implementing 
our  recommendations. 

The  Comndssion^s  Reccnmendat  ions  and  Concerns  \^ 

I  will  now  take  a  few  minutes  to  tell  you  about  the  recommendations 
we've  tn^te  so  fat.  The  Commission  has  approved  a  total  of  l3 
recommendations  —  six  in  the  area  of  R&D  and  manufacturing,  four 
concerning  international  trade  and  the  remainder  in  the  area  of  human 
resources.  Among  them:  1  - 

/  .  *  * 

Concerning  RM;,  we  would  enhance  - the  incentives  to  invest  in  this  ami 
through j^numeut  tax. credits  for  r^d,  stri*nqthened#pr©tection  of. ■  — 
k    ltrtcllftotual   property,  :  and  reduction  of  antitrust  -barriers   to  •  •  • 
organizing  joint  (<&.Dk 

Concerning  international  trade,  wo  have  called  for  competitiveness 
to  be  a  consideration  in  renewal  of  the  Export  Administration  Act, 
recommended  *he  establishment  of  a  government  data  bank  on  foreign 
markets  and' competition  to  encourage  small  business  export,  called  for 
enactment  of  the  foreign  Sales  Corporation  Act,"  and  recommended 
improved  U.S.  trade  law  practices* 

In  Urie  area  of  .human  resources,  we  have  recommended  steps  to„  improve 
the  quality  of  e<lucation,  both  for  college  level  engineering  personnel 
ami  more  general  high  school  science  and  math  capabilities.  In 
addition,  we  have  endorsed  the  principle  of  labor-management 
cooperation  and  called  for  new  collaborative  efforts  in  this  area. 

—  In  regard  to  capital  resource*,  active  investigation  also  is  underway 
concerning  the  high  cost  of  capital  faced  by  U.S.  'firms  versus 
that  faced  tjy  Japanese  firms.  ■  "  „ 

More  specific  to  your  interests,    we  are  also  pursuing  the  following 
questions:  1 

Since  the  U.S.  appears  less  effective  in  the  part  of  the  innovation  ■ 
process  that  develtjpe  research  results  into  commercial  products,  are 
there  new  public  policies  or  private  actions  that  could  strengthen 
this  important  area?   We  have  recently  initiated  a,special  study  of 


ERIC 


X  • 

\ 


35 


31 


this  question  with  tha  help  of^outside  experts. 


What  can  be  done  about  the  relative  lack  of  U.S.  progress  and 
performance  in  the  manufacturing  technologies?  Moving  from  design  to 
effective  production  seems  to  take  much  longer  in  the  U.S.  than  in 
Japan  and  often  results  in  higher  costs  and  lower  productivity. 


Since  the  U.S.  National  Labs  possess  many  highly  talented  engineers 
and  scientists  and  the  Federal  government  spends  about  half  of  the 
*  nation's  total  R&D,  can  partnership  relationships  be  established  in 
conjunction  with  existing,  research  programs  to  help  develop  technology 
needed  to  make  major  U.S.  mature  industries  competitive?  As  a  test  the 
Commission's  R&D  committee  is  exploring  the  feasibility  of' an  approach 
to  help,  the  steel  industry  define  and  exploit  new  ways  th  make  steel. 
Discussions  between  industry  and  government  representatives  thus  far 
are  very  encouraging. 

A  Private  Sector  View  of  the  Teclmolo^y/lnnQVation  Process 

The.  underlying  process   we  are  all    trying   to  stimulate  is 
technological   innovation.    Since  this  process  is  critical  to  the  future  of. 
technology  driven  companies  such  as  Hewlett-Packard,   it  may  help  to  share 
with  you  a  view  romtheprivatesector. 

My  pleasure  in  addressing  you  today  stems  nqt  only  from  my  rdle  as 
.Chairman  of  the  President's  Commission  on  Inclistrial  Competitiveness.  I  am 
also  President  And  Chief  Executive  Of f icerf  of  Hewlett-Packard  Company. 
Here  in  the  U.S.  we  employ  almost  60,000  people  in  the  design  and 
manufacture  of  electronic  instruments  and  computers.  Almost  half  of  our 
^-business  is  international/  and  we  are  the  thirteenth  largest  exporter  in 
*he  y»S.  Hewlett-Packard  is  the  nation's  third  largest  private  electronics 
research  organization,  and  we  believe  that  our  past  growth  and  success  have 
stemmed  from  our  ability  to  innovate  and  bring  the  fruits  of  our  research 
to  maAet.  Our  research  labs  provide  a  constant  stream  of  new  products, 
and  lit  year  fully  two-thirds  of  our  sales  came  from  products  that  were 
less  tan  three  years  old.  Innovation  has  fueled  our  growth,  and  that  is 
anothlr  reason  I  am  very  interested  in  the  subjects  addressed  by  this 
cotimittee. 

Let  me  mention  some  of  the  keys  to  success  based  on  the  Hewlett- 
Packard  experience.  1  don't  assume  that  they  all  can  Or  should  be 
applied  to  other  organizational  settings.  This  is  what  has  worked  well  for 
us.  I  hope,  however,  there  may  be  some  lessons    here  that  apply  elsewhere: 

—  Establish  a  clear  6bjective?  that  strategically  positions  the 
organization  to  be "entrepreneura^ 

Foster  an  KWj  ethic  in  the  organii&atlon  and  make  Innovation  synonymous 
with  the  fuTur¥^oFthe  TTrnu  At  Hewlett-Packard,  the  product  becomes 
a  cultural  value  —  the  subject  of  every  chat  —  and  the  way  to  make  a 
valued  contribution  to  the  company.  The  psychic  rewards  go  to  the 
innovators  and  innovation  becomes  a  "superordinate"  goal  for  the 
company.  s 

—  provide  freedom  of  action  by_  giving  people  an  opportunity  to  innovate 
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anc|  control  resources. 

— i    Organize  iry  small  groups  ^o /fttqw  emplcyeea/fosee  the  impact  of  their 
contributions.  •  Larger  or<^rd2at icj^^re^rt^t  by  definition  harmful  to 
i  n  nova  t  ion ;  how  eve  r ,  size  must  be"*Yfianaged  effectively,  Hewlett- 
^  Packard  has  51  operating  divisions  with  an  average  of  1,000  people  in 

each  to  achieve  this  objective, 

—  Concentrate  on  non- financial  incentives,  Surprisingly,  we  do  not  find 
that  money  Ts~a  primary  motivator  to  spur  innovation.  It  can, 
however,  be  a  significant  disincentive  if  pay  levels  are  low,  Money, 
In  our  experience,  is.  not  an  important  psychic  reward,  . 

Diversify  research  programs.  We  have  research  labs  at  Hewlett 
Packard  with  charters  that  differ  in  significant  ways*  One  group  of 
labs  is  attached  directly  to  our  manufacturing  operations  and 
"  0  emphasizes  Leading*  edge  engineering  and  manufacturing  technologies, 
while  our  central  lab  focuses  pn  basic  developments  in  science  and 
engineering  in  areas  of  interest  to  us,  That  is  not  to' say  that  the 
divisional  labs  haven't  developed  breakthrough  technologies  for  us  or 
that  the  central  labs  aren't  interested  in  Linking  science  to  the 
marketplace.  The  central  labs  at  Hewlett-Packard  are  our  venture 
capital  equivalent  —  putting  science  to  work  in  creative  new  ways, 
The  corporate  labs,  by  contrast,  focus  on  applying  science  to  the 
solution  of  practical  problems. 

Ensure  flexibility.  To  be  innovative,  an  organization  —even  a 
relatively  successful  innovator  such  as  Hewlett-Packard  —  can-  never, 
and  I  emphasize  the  word,  test  on  its  laurels,  Just  because  an 
organizational  structure  or  problem-solving  . approach  worked  well,  one 
year  does  not.  mean'  i  t ' 'l/a  apprcipr iate>  the  next  y«ar%  Our  'research 
laboratory  chatters*  are  ieft  flexible  because  we  cannot  tell  what  the 
-  end  results  will  be  wl/en  one- of  our  scientists  or  engineers  t^egins 
pursuing  an  idea.  We  want  to  avoid  what  I  consider  a  true  tragedy 
where  a  good  idea  is  thwarted  by  a  bureaucratic  wall, 

Through  the  areas  mentioned  at>ove,  1  have  illustrated  the  private 
sector's  important  role  in  the  innovation  process,  Now,  I  will  turn  to  the 
public  sector's  role  in  this  area.  While  some  action  has  been  taken  in  the 
last  two  years  by  the  Administration  and  Congress  to  enhance  U.S. 
technology  and  innovative  excellence  via  increased  funding,  there  are 
several  areas  which  still  need  your  attention  or  action. 

"What  the  Public  Sector  Could  Dg 

The  six  bills  on  which  you  focus  these  hearings  include, a  large  'and 
wide  ranging  number  of  proposals.  I  would*  like  to  reserve  my  own 
observations  on  the  specifics  until  the  Commission  has  had  an  oprjdrtunity 
to  take  positions  on  these  pieces  of  legislation.  However,  1  will  try  to 
be  helpful  by  identifying  several  criteria  which  I  believe  are  valid  for 
judging  the  feasibility  and  worth  of  action  proposals  in  the  areas  we  are 
discussing.  In  each  case,  I  will  preoeed  the  criteria  by  my  perceptions  of 
the  facts' of  industrial  l  ife  that  help  explain  why  these  criteria  are* 
valid. 
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Fact  l«  It  is  sxtrsmsly  difficult  to  predict  which  technologies  and 
^ications  of  technology  will  find  acceptance  in  the  market.  Bob. Noyce 
who  is  the  inventor  of  the  microprocessor  that  serves  as  the  basis'  for  much 
of  modern  computing,  tells  a  story  on  himself  that  illustrates  this  point. 
Some  years  agoT  Bob's  wife  came  to  him  and  said  she  wanted  to  invest  in  a 
small  start-up  company.  Bob  advised  her  against  it,  saying  that  this  new 
Invention  called  agonal  computer  wouldn"t  go  far.  Today,  that  small 
at"art-up  is  a  billion  dollar  company,  Apple  Computer,  and  pergonal 
computing  has  indeed  gone  far. 

If  participants  in  a  market  find  it  difficult  to       judge  the  <=omme^ial - 
potential  of  a  technology,   then  people  further  removed  from  the  market  - 
Ambers  of  government  -  are  going  to  find  accurate  prediction  even  more 
unlikely. 

Criteria:  If  government  wants  to  augment  research  capabilities,  it^ 
should  provide,  support  for  a  wide  range  of  technologies.  As 
Congressman  Ed Zschau  so  accurately  states,  we  ehould  target  the 
process  of  innovation,  rather^han  try  to  pre-select  which  "Pacific 
technologies' will  be  successful?-^ rther,  governmental  members  should 
not  be  solely  responsible  for  choosing  which  areas  of  research  have 
commercial  promise  The  private  sector  is,  by  definition,  more 
closely  tied  to  the  market,  and  members  from  the  private  sector  should 
play  an  integral  role  in  guiding  the  directions  for  federally  funded 
research  intended  to  help  competitiveness. 

Fact  2:    The  marketplace*  Is  constantly  changing. 

r    

Criteria:  Proposals  should  provide  for'  feedback  from  the  market  to 
research  programs.  R&D  programs  should  be  coupled  to  marVet 
responses  through  real  time  relationships.  Among  the  ways  to  doVthis 
are  shared  funding  by  industry  in  Federal  applied  R6.D  activity, 
participation  by  industry  in  planning  Federal  R&D  programs,  and 
increased  support  for  competitive  assessment  information. 

Fact  3:  The  capacity  to  fund  research  -  whether  in  the  private  or  public 
i^ctoTs  -  depends  on  our  ability  to  reap  rewards  ^om  that  risk 
investment.  The  resulting  products  of  innovation  mUst  be  sold  in  world 
markets.  To  be  successful,  a  technology  product  must  he  competitive  intwo 
fundamental  ways  -  cost  and  quality.  Those  two.  elements  are  the  basis  of 
any  bu^Lnpf  decision. 

A  corollary  fact:  The  Japanese  success  in  technology  markets  has  been  duo 
to  their  application  of  technology  --  much  of  it  imported  --  to  the 
manufacture'of  products  that  are  superior  in  cost  and  quality  U  does 
America  little  good  to  create  innovative  technologies  if,  within  a  very 
short  time,  our>*lucte  can  be  replicated  and  produced  elsewhere  With 
better  quality  and  price.  'J. 

'Criteria:'  .Manufacturing  te*TnoVogy  must  be  given  serious 
.    ;\ Motion.    Proposals  with^entual  commercial. ^ecUve^ust 
"     *  include  mechanisms  to  bull/ competitive  cost  and  quality  into  th 
fcram  L  policy.  :  In  any  design,  proc^Mtechnology  given 
,  Sal  weight  to  product  technology.    Ma^cturing  requirements  and 
^etitive  paction  proceises  must  be  consldereflsls  part  of  the 
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research  dVirtui.  Innovation*  in  prcx;esa  technology  will  enable  us  to 
increase  productivity  ark  J  minimize  the  disadvantage  posed  by  the  hiqh 
relative  cost  of  our  human  resources. 

ii  Technology  is  both  dynamic  and  mobile.  Industrializing  nations 
aueh  as  Korea  have  access  to  state-of-the-art  technology  from  both  the  U.S. 
and  Japan  and  can  rapidly  turn  that  technology  into  marketable  products.  A 
technology  transfer  proems  that  formerly  took  years  now  takes  only  months 
or  weeks.  The  rate  of  development  ol  new  technology  also  is  increasing  and 
die  ufecycle  of  products  lq  being  reduced,  ^ 

Criteria: %  Proposals  must  recognize  the  time  available  to .  firms  for 
development,  is  shrinking.  Your  proposals  must  address  this  issue  and 
develop  mechanisms  to  minimize  time  delays  built  into  any  program  in 
order  to  meet  the  government's  fiduciary  responsibility  to  the  I 
taxpayer,  in  other  words,  the  red  tape  traditionally  required  for 
governmental  accountability  must  tx«  miiuinized  if^our  purpose  is  to 
nelp  U.S.   industry  restore,  its  competitiveness, 

fact  5^   Tliere  ate  limited  Federal  funds  to  support  R&D  generally  and  no  ' 
other  organization  is  likely  to  support  significant  amounts  of  basic 
research. 


Vjri  tery*^  Proix  ;sa  Is  to  )ielp  applied  research  should  be  carefully 
structured  so  .is  not  to  divert  existing  Federal  funding  for  basic 
research,  v£e  sh<;uVi  iV>t  risk  Uie  nation's  ldng-range  future  to  help 
solve  a  short-range  problem.  For  similar,  reasons,  any  Federal  direct 
assistance  in  cnnductuig  or  funding  R6.D  should  not  displace  existing 
or  planned  private  sector  RkD. 

-  *  .  ^..  R^s.-atch  done  on  uni ver  s i^y  campuses,  whether  basic  or  applied, 

provides  dual  benefits  ~-  advancing  trie  country's  scientific  knowledge  base 
and.  providing  critical  training  for  the  next  generation  of  engineers  and 
scientists.  . 

{  ^JLeiLLa±    PiMJCweji  policies  and  programs  should  explore' possibi U ties 

for  using  umvetsvti.es  as  Uie  vehicles  for*  research  programs.  Since 
Federal  money  is  in  particularly  short,  supply  these  days,  Congress  anu 
the  Administration  might  take  a  hard  look  at- the  recommendations  on 
National  Labs  prepared  by  Dave  Packard  as  part  of  the  President's 
Private  Sector  Survey  o/i  Cost  Control.  'thin  report  estimated  that 
erfnrtis||  manager  <M)t  ft  our  entire  Federal  research  ^budget  could 
realize  a»  savings  of  $4.5  to  $9  billion  per  year.  We  should  consider 
pursuing  the  changes  suggested  and  direct  ^hose  savings  to  augment 
research  in  our  universities  and  oilier  non-profit  institutions. '  The 
minimum  possihb-  savings  cite*]  —  $4.5  billion  —  represents  the  total 
of  Federal  furnhnu  to  university  research  lafct  year. 
**  ■  "  «• 

Adequate  graining  r.f  engineers  also  plays  an  important  role  in  the 
long-range  improvement  of  U.S.  manufacturing.  One  of  the  members  of 
ouryCommiBsion,  I;r.  George  I^pw,  President  \jf  Rensselaer  Polytechnic 
Institute,  prepared  a  srx-eial  paper  on  engineering  education,  i  have 
attached  it  to  this  statement  and  commend  it  tip  your  attention. 

^ .  Conclusion  / 
w  * 

,    I  ^!^^h!1Hitt!rla  1  hflve-mentioned  are  distent  with  most  current 
industrial  thinking  what  action,  are  likely  to  stimulate  innovation.  I 
»      hope  these  cfiterin  are  useful  to  you  to  test  the  many  proposals  vou  are 
considering.    Hwik  you  for  the  opportunity *o  share  these  ideas  with  you. 
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President 1  s^Camitssion  on 
Industrial  Competitiveness 

6/4/84  . 


ENGINEERING  EDUCATION 


ISSUE 


During  the  past  several  years,  intense  concern  hak  been  expressed  over  the< 
state  of  our  engineering  education  system!  "  and  how  it  ultimately  affects 
the  quality  of  the  goods m^s  produce,  and  the  productivity  of  American 
industry.  .  ,  -V.         ■"     ■  'y  m   ■  0 

There  is  a  direct  relationship  between  engineering  education  and  industrial 
4  competitivenfwe,   lb  "compete  we  must  produce  goods  that  perform  brftfter,  Are 
priced  lower,'  and  have  a  higher  quality  than  others  that  are  available  in 
the- world  market*    Tb  do  this  we  need  an  ever  expanding  base  of  knowledge; 
in  science  and  engineering  ae  a  result  of  research;,  and  the  4iaineerii% 
talent  that  can  develop  . superb  design* at*w*U  ^vorid  clase  manuActui^  • 
■techniques  and  processes*  ■      ^\  V 

The  fundamental  question  is  whether  our  engineering  education's  tenuis 
producing  the  people  and*  research  results  that  industry  needs  no<and  in 
the  future,  j  ' 
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This  question  is  best  addressed  toy  considering  four  separate  issues* 
1.      engineering  Graduates 

*)      nuntoera  at  bachelor's,  master's,  doctor's  levels  > 

b)  '  mix  anong^  vmrioue  disciplines   •  .  V  J 

c)  substance  and  content  of  education 

» 

2r      Engineering  Faculty  .  i  . 

'  *  *  « 

a)  shortage 

.  b)      understanding  of  engineering  practice 

3>      Engineering  Research'  1 

*  "* 

a)  1  level  of  support        *  \ 

b)  specific  area*  being  supported  - 

4.      Engineering  Equipmsnt 

a)      in  undergraduate  teaching  laboratories  •  4 

t  b)      for  graduate  education  and  research* 
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I.      Engineering  Graduate  » 

To  begin  the  discussion  of  the  numbers  of  engineers  graduating  in  the 
United  States,  the  following  table  is  presented*  \ 

•  v 
—  1972      m  1962^ 

Enrollment,  FU11  Time  Undergraduate  195,000    :    404  000  ' 

Enrollment,  F\ill  Time  Graduate  36,000         51 ! 000 

Degrees  Granted,  Bachelor's  44,000  67,000 

Degrees  Granted,  Master's  *    17,400  18,500 

Degrees  Granted,  Doctor's  3,800  2,900 

• « i 

These  figures  suggest  ttfat  tfce  undergraduate  pipeline  has  filled  rapidly  in 
response  to  the  current  /demand-  However,  shortages  still  exist  in  selected 
fields  (e.g.,  electronics,  computers)*.  In  thfcee  areas,  the  denand  of  the 
marketplace  is  alleviating  the  problem  somewhat— the  number  of  bachelor's 
degrees  granted  in  computer  engineering  was  7.5  times  greater  in  1982  than 
in  1972,  while  there  hafbeen  a  substantial  decrease"  in  the  number  of 
entering  chemical  engineering  freshmen  in  rapid  •  response  to  the  declining 
job  market.  ^  |  * 

The  problem  of  mix  among  disciplines  will  be  alleviated*  further  'as 
engineers  in  all  disciplines  will  have  a  better  knowledge  and  understanding 
about  gom£uters  and  electronics,  and  the  demand  'for  specialist* in  these 
fields  will  decrease.  p 

Th*  same  is  not  true  at  the  graduate  level.  The  ratio  of  master's  tt 
jtachelor's  degrees  has  decreased  from  0.39  to  0.28;  and  at  the  doctor's 
level  the  abeoiute  number  of  degrees  granted 'has  declined  toy  25*— 4  number 
that}  does  not  tell  the  whole  story  because  the  number  of  United  StaWs 
citizens  among  graduate  students  has  declined  much  more  rapidly  than  the 
total.*  •  * 

Based  on  these  data  (as  well  as  more  detailed  data  for  ttoe  interveni^ 
ye^rs  and,  by  engineering  curriculum),  one  can  reach  the*  concisions 'that: 
'       «  t  ■ 

a)  The  shortage  of  engineers  with  bachelor's  degrees,  is 
ijiproving,  but  in  specific  areas,4  shortages  continue; 

t       '  • ' . 

b)  The  mix  among  the  Various  curricula  will  take  care  of. 
itself,  but  somewhat  .slowly;  o 

c)  there  does  not  appear  to  be^any  adjustment  in  nufnbers  at 
the  graduate  level  {master's  and  doctor's),  sO  that  the 
existing  shortages  at  these  levels  may  well  contfHuV 

But  what  about  the  substance  o^.  what  is  being  t^gfct  in  our  engineering 
schools  today?  For  a  period  of  time-starting  at  the  end  of  World  War  II, 
there  was  a  tendency  in  our  engineering  schools  to  thift  away  from 
engijfrerlng  practice  and  toward  engineering  science*.  This  shift  coincided 
wigpthe  availability  of  large  sums  of  Federal  funds  for  basic*  engineering 
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rtsiyirch  and  a  simultaneous  reduction  in  university- industry  relationships, 
Thus,  the  b*st  of  our  faculty,  and  therefore  the  best  of  our  students, 
became  fax  ^rnore  interested  in  the  science  underlying  engineering  than  in 
working  on  'practical  applications  of  the  scientific  results,  At  the  same 
time  more  fundamental  knowledge  needed  to  be  taught,  and  one  by  one  the 
practical  hands-on  engineering  courses  and  experiences  gave  way  to  theory. 
Moreover,  ttoe  typical  entering  engineering  student  now  comes  with  less 
practical  experience  than  those  of  earlier  periods.  For  all  of  these 
Paeons,  the  distinction  between  scientist  and  engineer  has  become  blurred. 
Much"  has  been  written  to  suggest  that  the  recent  decline  in  American 
quality  and  productivity  is  related,  at  least'  in  part,  to  the  decline  iiV 
engineering  practice  at  our  colleges  and  universities  as  £ust  described.  ^ 

Many  engineering  schools  have  started  to  reverse  this  trend  to  bripg 
renewed  be  lance  to  the  educational  process,  Some  have  invested  heavily  in 
the  modem  equivalent  of  the  drafting  table— the  computer  and  the  computer 
graphics  screen;  others  have  started  efforts  in  manufacturing  engineering, 
quality  control,  anc)  the  application  of  microelectronics,  Several  have 
turned  once  again  to  industry,  not'  only  for  the  funding  available  from 
industry,  but  especially  to  get  the  involvement  and  close  relationship  with- 
the  end  user  of  engineering  graduates  and  engineering* research — the 
American  manufacturing  company. 

All  of  these  moves  are  in' the  right  direction.  However,  there  is  a  view 
held  among  many  that  the  numbers  of  engineers  produced  who  have  both  rthe 
essential  fundamental  understanding  of  physical  and  engineering  principles, 
and  the  practical  bent  required  of  the  working  engineer  are  still  very 
srwli. 

The  need  for  engineers  with  a  practical  bent  exists  not  only  at  the 
bachelor's  level,  but  at  the  graduate  level  as  Well.  In  fact,  thei^e  is  so  % 
much  material  to  be  covered  even  fcy  the  journeyman  engineer  that  before  tou 
long  the  toaster's  degree  could  and  perhaps  should  replace  the  bachelor's 
degree.  The  demand  for  engineers  with  doctorates  to  go  into  indict ry  is 
also  increasing  as  a  result  of  the  complexity  of  much  computed brisful 
machinery  ax\d,  of  course,  engineers  with  doctorates  will  continue  to  lm  in 
demand  fa/  industrial  and  government  research  laboratories  as  well  as  the 
universities. 


JjP  summary: 


a)       The  shortage  and  mix  Of  engineering  graduates  at  the 


rtaa 

bachelor's  ^evel  are  taking  care-  of  themselves, 

b)  *  Vhe  shortage  at  the  master's  and  doctor's  levels  is 

♦Continuing. 

c)  There   is  a  need,    at  all   levels,    to  pfOvide  renewed 
.emphasis  to  produce  engineers  who  can. contribute  as 

*      practical  engineering  .professionals. 

I.  .    l-lncjineer  ing  Faculty  * 

'  ft' 

The  shortage  of . engineering  faculty  continues.  The  kjest  estimates  indicate 
that  "there  are  L400  vacancies  out  of  a  total  of  1800Q  engineering  faculty 
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in  the  dnited  States  (1982  data).    This  number  has  been  fairly  constant 
ouer  tha  past  savaral  years,   and  stems  from  tha  larger  engineering 
enrollments,  the  declining  number  of  Ph,D,  graduates,  and  the  need  for 
if    fatuity  to  devote  Increasing  amounts  of  time  to  research*  < 

I 

Another  reason  for  the  current  faculty  shortage  il^the  fact  that  «the 
engineering  laboratories  at  our  universities  axe  generally  much  lass  wall 
equipped  than  those  in  industry.  As  #  result,  many  researchers;,  believe 
that  they  cannot  make  the  most  significant  contributions  while  on 
university  faculties,  and  therefore  choose  a  career  in  industry,  This 
clearly  has  an  effect,  both  on  the  quantity  and  the  quality  of  engineering  i 
faculties.  # 

Starting  salaries  for  engineering  faculty  hive  become  quite  competitive  \ 
with  industrial  salaries  in  recent  years.  On  a  12-month  equivalent  basis 
these  salaries  now  range  betweenJUo, 000  and  $45,000  for  f£«sh  Ph.D.'s, 
slightly  highgjpthan  those  paid  in  industry,  Thus  the  faculty  shortage  is 
not  directly  related  to  starting  salaries,  but  ttyore  may  be  an  indirect 
relationship,  based  once  again  on  the  stipends  jSa^d  to  graduate  students, 
on  th«  overall  economic  payback  qt  the  Ph.D,  (whether  at  the  university  or  ' 
in  industry),  and  on  the  esteam  (or  lack  of  esteem)  An  which  faculty 
positions  are 'held. 

Faculty  members  at  most  institutions  ate  encouraged  to.  consult  with 
industry,  and  at  some  institutions  to  have  industrial  ties  with  the  work 
that  they  do  on  campus,  In  addition,  at' most  institutions,  there  are  some 
faculty  members  who  have*  recent  full-time  experience  in  industry,  Thus, 
there  exists  a  basic  tmdarslanding  among  many  faculty  member*  of 
engineering  practice  in  industry  today,  Just  how  this  is  passed  on  to  the 
students  depends  a  great  deal  on  the  kind  of  work  in  which  faculty 'members 
and  their  students  are  currently  involvsd.  If  that  work  is  engineering 
science-oriented,  then  that  ia  what  students  will  learn;  if  it  is  related 
to  engineering  practice,  then  the  students  will  also  be  immersed  in  the 
I  practical  aspect  of  engineering. 

The  involvement  of  engineering  faculty  in  cutting  edge  research,  as  well  as 
their  close  interactions  with  industry**  also  has*a  profound  benefit  to 
<  undergraduate  educationt  |Teacherts  who  participate  actiJvely  in  what  is  ' 
going  on  in  the  world  will  make  their  lectures  mfich  more  interesting  and 
exciting,  and  will  motivate  their  students  accordingly,  o  ^ 

An  irtljtortant  issue  for  faculty  to  address,  on  a  continuing  basis,  is  how 
quickly  to  change  the  curriculum  in  response  to  changing  discipline 
requirements  and  technologies  used  in  industry.  TOie  matter  of  balance 
•between  an  education  that  stresses  the  fundamentals,  and  one  that  stresses 
current  applications  is  of  key  importance.  Tne  American  education  system, 
with  its  emphasis  on  fundamentals,  has  in  the  main  pfeduced  engineers  who 
are  able  to  shift  in  a  rapidly  changing  technological  environment,  Yet 
much  of  the  thrust  of  this  paper  leads  in  a  direction  toward  a  more 
practical  orientation.  It  is  therefore  essential  to  guard  against  the 
pendulum  swinging  too  far  in'  that  direction. 

An  involved  faculty,  with  experience  in  industry  and  at  the  .putting"  edge  of 
research,  should  help-assure  such  a  balance".    Additional  involvement  by  % 
industry,  on  advisory  councils,  and  through  the  ranks  of  adjunct  faculty 
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should  also  bring  greater  realism  to  university  retaarch  and  teaching, 

In  aumnarys  1  \©r~"  , 

a)      There  continue  to  bi  a  shortage  of  engineering  faculty, 

.b)  Many  engineering  faculty  members  are  quite  capable  of 
involving,  students  in*  the" practical  aspects  of 
engineering*  £ 

3.       Engineering  Research 

'  Traditionally  in  this  country  most  of  the  basic  and  some  oif  the  applied 
engineering  research  has  bean  conducted  in  our  uni vanities,  and  has  bean 
supported  by.  the  Federal  government.  Although  thare  has  been  a  recent 
trend  toward  Wore  support  by  American  industry,  it  is  not  expected  that 
this  support  will  reach  more  than  about  201  of  the  total. 

Much  of  the  government  support,  has  been  in  the  areas  of  engineering 
Sciences  rather  than  engineering  practice.  Equally  important,  the  level  of 
engineering  aupport  has  not  taken  into  account  the  fact  that  moat  research 
today  is  becoming  "big  research;"  and  that  much  of  it  can  no  longer  be  done 
by  individual  investigators,  but  must  be  done  by  teams  ot  investigators. 

There  is  also  •  question  concerning  the  specific  directions  of  research 
that  should  be  pursued.  In  man^  fields  of  science  (e.g.,  chemistry, 
physics,  astronomy),  there  have  been  oomprehanaive  studies  sponsored  by  the 
rational  Science  Foundation, (and  undertaken  by  the  National  Research 
Council  *  of  tHb  National  Academies)  to  help  establish  the  direction  for 
future  research  and,  hence,  National  Science  Foundation  funding.  Ttte  same 
has  not  been  true  in  engineering.  However,  there  is  currently  ijrtderway  the 
beginning  of  a  National  Reaeartih  Council  (JNRC)  study  to  establish  the  need 
for  engineering  research,  and  to  help  set  the  directions  for  that  research. 
This  stJudy  should  have  an  initial  output  in  time  fe$  the  fiscal  year  1986 
budget  decisions.  « 

In  the  meantime,  thare  has  been  one  specific  study  (after  a  comprehensive  , 
review  of  a  number  of  fields  of  engineering)  on  the  use  of  computers  in 
design  and  manufacturing.  This  study  was  undertaken  toy  the  Academies1 
Committee  on  Science,  Engineering,  and  Public  Policy  (OOTOPUP),  and  led  to 
a  Hreeearch  briefing"  for  the  President's  Science  Advisor.  ■  toe  significant 
conclusion  of  thai  study  is  that  there  is  a  pervasive  lack  of  the 
underlying  basic  know  ledge  In  this  field,  and  that  a  first  priority  should 
be  to  build  a  classical  research  community  through  increased  government 
aupport  of  basic  research  at  universities. 

Although  it  i»  dangerous  to  generalize  from  one  study,  it  seems*  fairly 
^obvious  that  university  research  haa  fallen  behind  the  applications  of  some 
^of  the  newer  tachnologies  in  industry*  /and  that  the  development  of 
classical  reeearch  communities  in  the  fields  underlying  today'a  industrial  1 
appHcaHnna  ta  eanentlal  if  we  are  to  continue  to  make  progress. 

It  ia  important  CD  note  a  significant  difference  in  current  initiatives 
(undertaken  by  the  NRC  and  ttfiEPU?)  and  many  previoua  activities.  There  is 
a  great  deal  of  involvement^  people  from  industry  in  the  current 
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wh#r*M  thi'  w"  not  tw«,in  the  past.  Thus,  ths  directions 
for  ths  proposed  snginssring  research  dirsctly  reflect  the  needs  of 
industry,  and  not  merely  the  desire  of  the  academics. 

t 

In  sumraryi 


a) 


There  need*  to  bt  an  increase  in  the  level  of  government 
support  fox  engineering  research,  with  special 
recognition  of  research  team  involved  in  'big  research," 
in  addition  to  the  support  of  individual  investigators, 

Tne  engineering  community— from  industry  as  well  as  from 
academe — needs  to  determine  Which  arqas  of  research  yill 
+  be  those  that  are  the*  most  important  to  pursue,  and 

advise  the  government  accordingly.  , 

4*       Engineering  Equipment 

Not  long  ago  there  wqs  a  view  that  the  equipment  used  in  engineering 
education  should  be  no  older  than  the  students  who  were  usin?  i?  £E  so 
anymore.    The  equipment  used  today  has  three  things  in  common:    it  £ 

^iv0^^^1'  tiff^CUlt  t0  maintain'  **  "  becomes  obsole^ 
quickly,  often  in  three  to  five  years. 

Undergraduate  education  today  requires 'easy  access  to  computers  and 
con-puter-aided-design  laboratories,  to  laboratory  practice  in  the 
application  of  microprocessors,  to  all  sorts  of  laboratory  instrumentation 
that  is  driven  by  computers,  and  to  the  analysis  of  laboratory  results  with 
sophisticated  computational  capabilities.  It  is  not  unusual  to  have  an 
investment  of.  several  millions  of  dollars  (in  hardware  and  software)  in  an 
undergraduate  computer  graphics  laboratory,  with  annual  operating  expenses 
of  the  order  of  one  million  dollars.  : 

Atthe  graduate  level,  as  pointed  out  earlier,  much  of  the  research  is 
becoming  "big  research."  Thin  means  that  research  equipment  is  becoming 
enormously  exp.n.iv..  A  singl.  piece  of  equipment  may  easily  cost  a 
million  dollars,  while  a  research  team  working  on  a  related  set  of  problems 
IW,Lre2UY*  f  laboriltory  investment  of  s.v.ral  millions.  At  the  same  time 
much  of  the  laboratory  space  at  our  uni varsities  is  out-of-date,  and  cannot 
provide  the  proper  environment  for  today's  sensitive  instrumen*stion  (e.g. 
claanrooma,  vibration  isolation,*  etc.).  9 

Ttie  costs  of  operations  ars  also  increasing  rapidly  with  the  advent  of  tig 
«*nplex  pieces  of  .quipm.nt.  No  longer  can  faculty  members  and  their 
graduate  students  keep  all  of  the  equipment  in  running  order.  Instead, 
substantial  numbers  of  highly  trained  technicians  are  "heeded.  ' 


In  summary: 
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There  is  a  need  to  upgrade,  on  a  continuing  basis,  the 
equipment  and  instrumentation  used  in  undergraduate 
teaching  as  well  as  that  use  in  research* 

-m 

There  is  also  a  need  to  provide  for  the  maintenance  of 
that  equipment  and  ^strumentation,  and  for  the  space  ih 
which  it  is  housed,  -  ,\ 
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Mr.  LundiNk.  Thank  you  very  much.  I  think  I  will  defer  my  own 
questioning,  and  if  there  is  time,  I  will  conclude  with  it.  \ 
Mr.  Mineta,  do  you  have  any  questions?. 
Mr.  Mineta.  Thank  you,  Mr.  Chairman. 

Mr.  Young,  thank  you  very  much  for  your  testimony.  When  you 
talked  about  the  R&D  projects,  you  said  something  about  their 
having  just  fell  off  the  list.  Is  that  because  those  are  not  high  prior- 
ity as,  let  us  say,  that  company  might  consider,  or  is  it  because  it  is 
a  long-term  low-paybaok  kind  of  program,  so  the  company  decides 
not  to  get  into  it.  It  still  does  not  really  measure  the  importance  of 
that  effort,  but  it.  is  jlist  one  of,  Is  it  worth  putting  the  moriey  in  \ 
and  what  do  we  get  out  of  it  kind  of  a  thing? 

Mr.  Young.  My  response  must  be  taken  in  the  context  of  a  prof- 
itable organization ^and  one  that  most  likely  has  some  kind  of  an 
ongoing  research  ana  development  program.  I  know  this  is  certain- 
ly the  case  among  our  own  divisions.  If  you  go  around  the  corpo- 
rate laboratories,  and  you  ask  them  "What  are  the  things  you 
would  like  to  work  on?'  what  you  will  reproduce  is  a  list  of  all  the 
thingsVight  off  the  bottom  edge  of  what  tney  are  doing  themselves. 
*  The  things  that  are  really  important,  they  are  moving  ahead  with 
them  and  that  have  a  direct  application  and  a  direct  payback.  I 
rather  think  that  isUhe  tfeneral  character  of  things.  The  things 
that  are  really  important,  you  tend  to  apply  your  research  and  de- 
velopment money  to  first. 

Mr.  Mineta.  That  is  my  question,  though:  They  are  important, 
and  direct,  payback,  the  relationship  that  makes  the  decision, 
rather'  than  something  that  may  be  worthwhile  but  it  is  going  to 
be,  again,  a  low  payback,  long-term  kind  of  thihg. 

Mr.  Youno.  All  I  am  cautioning  you  is  that  the  danger  is  that 
what  you  will  reproduce  is  a  list  Jtf  second  order  priority  items.  I 
am  just  flagging  that  potential  danger. 

I  do  agree,  though,  tHpt  there  may  be  some  shared  seta  of  things 
that  could  be  pursued  that  may|be  have  longer  term  paybacks  or 
bigger  investments  that  companies  might  be  willing  to  do  on  their 
own.  I  have  been  quite  impressed,  frankly,  with  how  effective  the 
Semiconductor  Research  Corp.  has  become.  This  is  like  a  co-op,  in 
which  a  very  large  number  of  the  participants  in  the  semiconduc- 
tor industry  have  voluntarily  gotteh  together,  and  with  the  prom- 
ised antitrust  relaxation  coming  along,  have^  ventured  forth  with 
the  understanding  that  their  activities  are  likely  to  be  viewed  in  a 
favorable  legal  context  and  have  beg\in  undertake  a  cooperative 
effort.  v 

I  assure  you,  there  is  no  more  industry  than  semiconductors  that 
is  characterized  by  the  enthusiastic  entrepreneur,  and  we-can*do- 
anything-on  our-own  kind  of  mentality.  Literally  in  the  3  years 
thai  this  has  been  underway,  we  find  a  tremendous  enthusiasm  for 
joint  efforts,  working  together,  putting  money  back  in  the  research 
universities,  but  also,  finding  ways  in  which  they  might  work  to-  ♦ 
gether  in  cooperative  projects.  So  I  think  there  are  some  other 
ways  for/ dealing,  with  the  genuinely  important  questions  than 
going  around  and  maybe  asking  the  Government  to  fund  those.  I 
suggested  that  maybe  funding  symmetry  was  something  to  be 
i  looked  for.  A  way,  perhaps,  would  be  if  companies  joined  together 
Vmd  decided  to  fundi  a  certain  technology  area,  it  might  be  to  com- 
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piemen t  thut  as  a  way  of  assuring  that,  (a)  it  is  important,  and  (b) 
it  haw  a  self-aligning  feature  of  working  along. 

Mr.  Minkta.  Are  we  putting  too  much  money  into  basic  research 
and  not  enough  into  production  research,  in  the  public  or  the  pri- 
*vaft  Hector,  but  especially  in  the  private  septor  since  that's  really 
where  it  ought  to  be  done. 

Mr.  Young.  My  view  is  that  probably  the  leVel  of  basic  research  # 
has  been  coming  up  over  the  last  3  or  4  years,  after  a  period  in 
which  I  believe  it  was  trending  downward.  I  think  that  is  the  right 
public  policy.  That  is  not  to  say  that  there  are  not  other  additional 
projects,  in  terms  of  a  more  applied  use  of  that,  taking"  it  to  the 
next  Ittep  of  steering  it  toward  commercial  applications  from  a 
technology-development  point  of  view,  that  might  also  be  appropri- 
ate. 

I  think  the  level  of  funding  of  research  and  development  in  the 
country  is  really  not  all  that  nigh.  I  think  as  Congressman  LaFalce 
observed,  one-half  of  the  funding,  about  $40  billion  out  of  the  $80 
billion  we  spent  this  year,  was  spent  by  the  Federal  Government, 
two-thirds  roughly  by  DOD,  15  percent  by  NASA.  I  think  it  is  quite 
arguable  how  direcUy  applicable  that'  kind  of  research  is.  Yes, 
there  is  some  spillover,  but  It  really  is  not  the  same  as  a  dollar 
spent  by  the  private  sector.  In^ou  compare  our  country's  total  ex- 
penditures for  H&D  with  those  ol*0tir  leading  competitors,  and  vou 
remove  that  factor,  or  factor  it  down  in  some  appropriate  way,  I  do 
not  think  we  are  spending  too  much  and  probably  not  enough.  ■ 

Mr.  Minkta.  It  seems  to  me  that  back  in  the  1972  to  1974  era,  as 
the  economy  was  declining,  the  amount  of  money  we  were  putting 
into  R&D  was  declining  as  a  percentage  of  sale£v 

Mr.  Young.  Right.  : 

Mr.  Minkta.  In  the  meantime,  the  Japanese  were  pretty  consist- 
ent frn  how  much  they  were  putting  into  R&D,  so  that  by  the  time 
the  market  game  back  in  1975,  1976,  and  1977  they  were  hitting 
the  road  running,  whereas  at  that  point,  as  the  economy  started  to 
turn  around,  then  our  companies  said,  "Yes,  we  have  to  start  put- 
ting monety  into  R&D  M  But  we  were  always  behind  that  curve,  in 
terms  of  what  was  happening  in  the  marketplace,  whereas  they 
had  already  put  their  money  into  R&D.  How  do,  we  handle  the 
peaks  and  valleys  with  some  consistency  in  terms  of  what  we  are 
doing  so  that  it  is  not  a  stop-start,  hot-cold  kind  of  an  effort? 

Mr.  YouAvg.  I  do  not  know  the  answer  to  that.  Some  industries 
are  extremely  cyclical,  semiconductors  being  one  of  those.  It  irf 
hard  to  separate  all  of  these  effects.  The  cost  of  Capital,  in  terms  of 
Japanese  competition  in  semiconductors,  has  been  probably#as 
great  a  factor  as  perh^s  some  of  the  effects  you  have  alluded  to. 
Certainly  in  our  own  company,  we  have  a  very  stable  kind  of  R&D 
spending  level,  and  it  does  tend  to  fluctuate  as  a  percentage  of 
sales,  but  the  spending  growth  is  just  about  the  same*.  We  try  to  do 
our  college  recruiting  fcvery  year,  and  it  is  one  of  those  factors 
which  we  believe  is  velfy  much  of  a  long-term  effect  and  should  be^ 
stabilized. 

I  think  most  companies  tend  to  run  things  that  way,  but  some 
companies  that  are  Highly  cyclical  in  their  business  cycles  simply 
cannot  afford  to  do  that. 

Mr.  Minkta.  Thank  you  very  much. 


Mr.  LuNtfihK.  Mr.  Gregg. 
Mr.  (timid,  I  yield. 

Mr.  Zschau.  I  would  junt  like  to  thank  you,  John,  for  your  com- 
ment*. Eveirthough  you  did  not  comment  on  the  bili^-before  us  p 
today,  let  me  just  ask  you  a  question  about  them.  Generally  speak- 
ing—and I  know  it  is  an  oversimplification  to  describe  it  this  way— 
they  address  the  issue  of  enhancing  mir.  technological  development 

establishing  some  sort  of  a  goverrimGnt  organization  that  would 
srWy  the  problems  and  indicate  where  the  opportunities  are  and, 
nVsome  curies,  fund  some  development  and  promote  communication 
and  so  forth.  Do  you  feel,  on£  a  need  for  that  kind  of  change  in 
government  organization,  and  two,  do  you  think  that  sop£  of  thing 
could  be  effective  in  promoting  technological  advances?/  \ 

Mr.  Youncj.  That  is  a  pretty  general  thing  to  respdhd  to,  and  I 
have  read  a  synopsis  or  these  bills.  I  think  thefe  is  a  thread 
through  some  of  the  intent  there  that  probably  is  a  policy  direction 
that  is  not  inappropriate.  I  think  there  could  be  some  carefully 
managed  technology  support,  let  us  say,  manufacturing  technology 
.development  in  the  same  sense  of  the  word  of  developing  capabili^ 
ties.  Many  industries  and  firms  could  flraw  from  that  to  refurbish 
or  enhance  the  technological  base  of  the  country, 

I  am  skeptical  about  an  entire  new  institution  required  to  do 
that.  Hhink  there  are  some  models  like  NSF,  and  in  fact  there  has 
been  quite  a  remodeling  of  NSF  going  on,  to  tilt  engineering  up  to 
full  parity  with  the  science  side  that  would  have  the  capability  of 
perhaps  dealing  with  these  kinds  of  questions  on  exactly  the  kind 
of  peer  review  technology-based  process,  as  opposed  to  the  political 
environment  in  which  this  kind  of  thing  is  apt  to  go  on  or  made 
part  of  sonae  major  administrative  function,  I  just  think  that  it  is 
extremely  important  to  come  back  to  fundamental  principles,  look- 
ing at  how  to  organize  this  kind  of  activj^y. 

Mr,  Zschau.  Thank  you,  , 

Mr.  Lunmne.  Mr.  Ritter. 

Mr.  Ritter.  Thank  you.-  r  . 

As  the  problem  comes  sfcross,  the  problem  is  that  somehow  the 
vast  amount  of  research  and  development  does  not  get  into  prod- 
ucts, does  not  get  into  markets,  it  does  not  get  into  competitiveness. 
We  do  a  M,  but  at  you  say,  the  DOD  takes  off  a  big  chunk,  Space 
takes  off  a  big  chunk.  Yet  we  h^ive  an  existing  structure  to  perform 
research  which  is  probably  second  to  none  in  the  world.  As  a 
matter  of  fftft,  the  Japanese  fire  still  comitig  over  here,  getting 
their  basic  \\M  first  experiences  in  American  research  facilities.  As 
you  pointed  out,  our  major  research  universities  are  the  lynchpin 
.  of  this,  and  that  is  where  the  Japanese  people  are  getting  their  doc- 
torates, most  of  the  key  people  that  go  back  and  then  apply  it. 

Is  it  not  time  that  we  stimulated  on  the  university  side  a  greater  , 
connection  between  those  univerfities  and  the  private  sector  in  a 
way  in  which  the  markets  and  the  products  and  the  mdre  timely 
considerations  of  competitiveness  got  into  that  rrtarvelous  system  of 
performing  research?  For  example,  we  in  our  task  force  have 
thjught  about  the  idea  of  expanding  the  R&D  tax  credit  to  the  uni- 
versity industry  connection  at  a  level  which  is  higher,  perhaps 
thiin  even  that  which  exists  in  the?  industry  itself.  Some  kind  of 
special  incentive  to  connect  further  the, university  capabilities  with 


4 


44 


\  '  industry,  or  some  kind  of  incentive,  without  setting  up  a  new 
bureaucrucy— and  NSF  could  be  involved,  as  the  engineering  side 
tilts  upward.  But  is  not  the  problem  really  connecting  that  capabil- 
ity more  closely  with  the  private  sector,  in  the  final  analysis,  and 
not  so  much  frnore  government  involvement,  government  interven- 
tion, and  government  direction.  What  do  you  think  some  of  the 
mechanisms  could  be  for  enhancing  through  the  incentive*  process 
the  connection  between  those  research  institutions  decentralized 
and  the  decentralized  needs  pf  the  private  sector.  That  is  both  a 
.  comment  and  a  question. 

Mr.  Young.  I  understand  that,  and  I  would  like  to  say  that  your 
own  sense  of  understanding  about  the  special  relationship  between 
universities  and  the  private  sector  and  recognition  of  universities 
for  the  pivotal  role  they  play  was  certainly  contemplated  by  the 
President  s  Commission  on  Industrial  Competitiveness.  The  recom- 
mendation we  madfe,  coming  out  of  our  full  Commission,  was  that 
there  be  a  special  incentive  for  iiniversity  support. 

If  you  remembeil  how  the  t|x  credit  works,  there  is  a  rolling 
base.  You  take  the  trailing  3  years  and'  then  the  increase  this  year 
.  over  the  trailing  3-year  base,  and  25  percent  of  that  becomes  your 
•     tax  credit.  Well,  with  respect  to  university  research,  at  least  one 
way  of  doing  this  would  be  to  haVe  a  fixed-base  period  so  that  over 
time  your  incentive  to  continue  to  fund  more  extensively  university 
research  would  have  a  growing  incentive.  As  I  say,  we  do  not  hold 
any  great  brief  that  this  is  the  only  way,  but  I  think  it  telegraphs 
/"the  intent  rather  clearly. 

I  Let  me  say  a  few  words  about  coupling.  I  am  afraid  I  will  have  to 
show  my  parochialism  by  being'  next  door  to  Stanford.  But  I  think 
there  is  at  once  a  lesson  there,  because  the  interaction  between 
Stanford  and  our  company  and  the  many  companies  in  the  Silicon 
Valley  is  well  known.  I  think  this  interaction  is  perhaps  very  much 
more  developed  and  at  the  leading  edge  of  what  is  possible. 

Government  has  done  a  lot  of  funding.  ■Tou  should  realize  that 
probably  9!>  percent  of  the  research  money  that  comes  to  a  place 
like  Stanford  still  comes  from  the  Federal  Government,  even 
„  though  there  is  a  lot  more  private-sector"  activity  going  on.  But 
there  was  no  ability  to  fund  bricks  and  mortar.  I  chaired  a  small 
group  to  raise  from  19  companies  about  $15  million  to  get  a  center 
for  integrated  systems  established  at  Stanford.  It  is  the  bricks  and 
mortar  that  gives  the  state-of-the-art  VLSI  facility.  It  establishes 
also  an  on-going  researchloard  from  members  of  those  companies 
thaV  participate  on  campus  and  help  to  steer  the  research  program. 
Again,  it  haffthis  kind  of  channelizing  effect  on  a  lot  of  other 
/      government  money.  There  is  a  lot  of  government  R&D  money  that 
,    will  go  through  there,  but  the  program  selection  and  steering  I 
-  •    think  would  be  modified  a  great  deal  because  of  this  interaction, 
coupling,  and  so  forth.  Resident  scholars  from  companies  can  be  on 
campus,  worl«ing  right  with  the  post-docs  and  faculty  members  as 
part  of  this  research%team.  THat  is  one*  kind  of  A  model,  and  it 
seems  to  be  going  very  well.  In  fact,  President  Mitterrand  from 
France  was  hosted  by  Don  Kennedy,  the  president  of  Stanford,  and 
tne  at  the  center  just  about  2  months  ago  when  he  had  his  visit 
here,  and  he  was  very  interested. 
Mr.  RiTTRR.  He  was  impressed?  ' 
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Mr.  Young,  He  was  very  impressed  by  this  approach. 

Weatinghome,  for  example^along.with  Carnegie-Mellon,  has  a# 
joint  manufacturing  technology  research  program—again,  company 
and  university  people  working  together.  This  has  been  a  kind  of  le- 
verage point.  That  is  one  of  the  two  universities  that  has  a  decent 
graduate  program  in  manq|acturing  technology. 

We  are  working  right  ncfoKat  Stanford  on  a  center  for  genetic 
and  molecular  medicine,  a  $40  million  project,  again  to  get  the  pri- 
vate sector  along  with  all  the  biotechnology  people.  It  is  a  way  of 
accelerating,  turning  scientific  discoveries  into  real  human  treat- 
able kinds  of  forms'  and  leveraging  them.  So  there  are  a  lot  of 
things  going  on  that  perhaps  could  be  accelerated  by  matching 
money  or  that  kind  of  thing.  But  I  think  it  is  the  priipary  role  of  a 
government  program  to  decide  in  advance  that  these  are  the  things 
you  ought  to  do  that  is  the  real  danger.  It  ought  rfot  to  be  the 
pusher  out  maybe  the  trailer  in  funding. 

Mr.  Ritter.  If  I  may  comment  there,  I  think  the  need  for  engi- 
neering resea/ch  and  the  satisfying  of  the  need  for  a  greater  bal- 
ance toward  engineering  research  and  advanced  technology  re- 
search would  be  taken  care  of  if  the  stimuli  were  there.  If  we  are 
looking  to  enhance  something,  let  us  not  enhance  the  highest  level 
of  the  pyramid,  but  let's  enhance  the  communications  clown  there 
at  the  building  blocks. 

I  would  like  to  close  with  a  plug  for  MIT,  being  a  product  of  that 
other  end  of  the  country,  the  Northeast,,  which  still  is  showing 
some  great  vitality  these  days,  as  well  as  the  Silicon  Valley.  There 
are  a  number  of  programs  at  MIT  and  Lehigh  that  really  have 
gotten  down  to  these  ideas  of  greater  coupling.  If  we  could  at  the 
Federal  level  see  to  it  that  the  incentives  are  there,  we  may  solve  a 
lot  of  the  problems  that  these  six  bills  attempt  to  address. 

Mr.  Liwdine.  Mr.  Young,  I  understand  that  we  had  a  commit- 
ment to  get  you  out  of  her*  by  a  quarter  of  11.  We  have  extended 
that,  even  though  Mr.  Gregg  and  I  both  passed  our  own  opportuni- 
ty to  question.  If  the  measure  of  somebody's  insight  is  leaving  a  lot 
of  questions  that  we  would  like  answered,  you  have  certainly 
achieved  that. 

Mr.  Young.  I  am  willing  to  stay  a  few  more  minutes.  I  came  out 
herfe  to  deliver  this  testimony*  and*  whatever  is  getting  deferred  is 
probably  the  right  order  of  things.  If  there  afe  any  further  ques- 
tions to  respond  to  that  I  can  be  helpful  with,  I  would  like  to. 

Mr.  Grroo.  In  vour  facte*  you  use  terms  like  "diversity/'  "lack  of 
predictability/1  '  dynamic  and  mobile,"  "small  group  initiative/' 
innovation,  '  "fluidity/'  and  "flexibility. "  Are  these  not  all  funda- 
mentally alien  to  the  bureaucracy  In  the  Federal  Government?/ 
How  can  the  Federal  Government  get  into  the  business  of  technolo- 
gy applied  technology  and  the  commercialisation  of  technology  if 
that  is  the  core  that  it  takes  to  produce  it?  '  ^ 

Mr.  Young.  I  think  very  carefully.  That  is  the  character  of  the 
beast.  I  think  one  has  to  be  verv  careful  in  architecting  some  kind 
of  a  system  that  complements  that  kind  of  goal.  Again,  I  think  the 
idea  is  increasing  the  strength  of  the  technology  base;  there  prob- 
ably are  some  mechanisms.  For  example,  the  new  centers  of  excel- 
lence for  manufacturing  technology  that  I  think  are  going  on 
through  NSF  might  be  the  kind  of  nucleii  around  which  more  com- 
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pahieH  might  join  together  to  have  itfint  research  programs  or  work 
cooperatively.  I  think  there  may  be  some  mechanisms,  but  they 
have  to  be  looked  at  very  carefully,  and  they  should  pass  that  test. 
Otherwise,  I  am  very  fearful  that  we  are  going  to  build  in  more 
•  structure,  more  politics,  and  spend  more  money,  but  get  very  little 
for  it.  / 

Mr.  Lundine.  I  would  like  to  share  an  experience  and  then  ask 
for  your  comment.  I  had  the  opportunity  late  last  year  to  go  qut  to 
the  Battelle  Institute  in  Columbus,  OH.  I  do  not  know  if  you  are  at 
all  familiar  with  what  they  do.  It  essentially  got  started  With  pri- 
vate grant,  and  as  I  see  it,  it  is  at  that  fulcrum  between  research 
and  development  that  is  commercially  acceptable  because  they  are 
actually  doing  'contracts  for  steel  companies  and  small  tiny  busk 
nesses  in  Colymbus  and  all  sorts  of  other  things,  and  the  university 
research  to  which  it  is  very  cflosely  related  at  Ohio  State. 

It  strikes  me  that  we  need,  somehow,  more  Battelles  that  are  in 
that  position,  where  they  can  do  advanced  metallurgy  that  no  steel 
company  could  do  pn  their  own,  part  of  which  might  be  paid  for  by 
the  steel  companies.  I  am  just  using  that  as  an  example.  Part  of 
which  probably  you  need  some  kind  of  funding,  which  Battelle  does 
through  internally-generated  funds.  Would  you  agree  with  that, 
without  regard  to  what  the  Government  ought  to  do,  that  we  need 
some  additional  institutions  that  are  at  that  midpoint  between  uni-  ^ 
versity  research  and  what  you  people  ought  to  be  doing  in  the  pri- 
vate sector? 

Mr.  Young.  There  probably  is  a  role,  and  there  are  .other  organi- 
zations, SRI  being  one,  that  do  fill  that  kind  of  a  role.  But  the  driv- 
ing point  might  not  be  the  formation  of  the  institution  so  much  6s 
the  enabling  legislation  to  have  companies  join  together  to  do  coop- 
erative research. "Having  done  that  in  the  steel  industry,  for  exam- 
ple, then  you  might  decide,  "We  need  a  vehicle  to  do  that  or  aug- 
ment what  we  can  do  qn  our  own"  or  whatever.  That  might  be  the 
funding  drive  that  would  be  stimulated  by  literally  deregulating 
the  marketplace,  if  you  want  to  think  about  it  that  way,  in  a  way 
that  would  fallow  companies  to  make  a  wider  set  of  choices  on  how 
to  execute  needed  R&D. 

Mr.  Lundine.  Thank  you  very  much,  Mr.  Young.  We  appreciate 
your  contribution. 

Congressman  Zschau,  I  think  you  are  the  next  witness. 

** 

STATEMENT  OF  HON,  EDWIN  V.W.  ZSCHAU,  A  U.S. 
REPRESENTATIVE  FROM  THE  STATE  OF  CALIFORNIA 

Mr.  Zschau.  I  want  to  begin,  Mr.  Chairman,  by  thanking  you 
and  this  subcommittee  for  this  opportunity  to  testify.  I  am  not 
going  to  take  a  long  period  qf  time,  but  I  did  want^Sg^ake  some 
comments  about  the  bills  being  considered  in  this  particular  heftr- 
in*. 

Before  I  start,  I  would  like  to  commend  the  chairman  of  the  sub- 
committee and  its  members  for  the  work  that  the  subcommittee 
has  been  doing  on  this  particular  issue.  I  think  this  is  the  fourth 
time  that  I  have  had  the  opportunity  to  appear  before  the  commit- 
tee, and  it  indicates  the  fevel  of  work  and  the  intensity  of  effort 
that  the  committee  has  been  following.* 
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About  IB  months  aW  1  hacf  the  privikfie  of  being  aboard  the 
yacht  Britannia,  which  is  the  Queen  8  ya<*t!ijfc  was  docked  in  San 
Francisco  Bay.  Qtt^en  Elizabeth  was  vising  the  California  area. 
She  came  up  to  meNluring  the  reception  there  and  asked  me  a 
most  provocative  question.  She  asked  me:  "Why  U/t  that  there  are 
ho  many  high-technology  companies  all  in  one  brea,  the  Silicon 
Valley^'She  had  just  visited  the  area  tl^t  day,  MuLqhe  was  im- 
pressed by  how  many  were  all  in  one  area.  **"      ^  . 

Certainly,  that  is  tfce  case.  There  are  about  700  high-tech nology 
;  companies  in  what  islcnoWn  as  the  Silicon  V^fley  area. 

It  goes  back  to  1905,  when  Lee  defFbresf  invented  the  vacuum 
tube,  and  then  there  were  the  Varian  brothers  that  invented  the 
klystron  tube  that  formed  the  basis  for  microwave  communication. 
Dave  Packard  and  Bill  Hewlett,  started  H-P  ip  a  garage  in  1989, 
and  as  John' Young  just  said,  a  company  that  Will  have  80,000  em- 
plbyeefrTrotJh  was  generated  there.  They  really^created  an  example 
for  others  in  the  ared.  ^ 

William  Shockley  left  Bell  Labs  to  come  there  and  started  the 
Shockley  Laboratories  to  exploit  the  transistor  invention  for  which 
he  and  others  received  the  Nobel  Prize.  And  there  a  young  engi- 
neer, Bob  Noyce,  got  the  idea  of  putting  several  transistors  on  a 
chip  and  invented  the  integrated  circuit.  He  started  a  company, 
Fairchild  Semiconductor,  that  pawned  many  others.  Then  he  left 
that  to  start  Intel  that  developed  the  microprocessor.  And  many 
°bther  microprocessor  companies  developed  there. 

There  were  a  group  of  experimenters  around  Stanford  that  start- 
ed a  club  called  the  Home  Brew  Computer  Club£ Who  made  their 
own  computers  "with  television  sets,  microprocessors,  and  key- 
boards, &nd  two  members  of  that  elub,  Steve  Jobs  and  Steve.  VlfrSfc- 

-  niak,  formed  a  company,  'Apple  Computer,  that  in  a  short  period  of 
time  became  #  bflUon^doUar  company.  And  so  it  goes,  the  stories  pf 
company  after  company  . 

-  ^htffcreason  AVhy  I  describe  these  stories  is  that  they  revolve 
arouoPjieople.  They  do  not  revolve  around  institutions.  They  do 
wot  revolve  around  government  programs.  They  revolve  terouhd 
people,  personalities,  wanting  to  try' ww  ideas,  take  risks,  to  devel- 
op new  technologies.  So,  in  apswer  to  the  queen's  auestion, '  Why  is 
it  that  so  many  started  there?"—  you  have  to  look  at  the  environ- 
ment, the  educatibWttfinstitution,  and  the  example  that  Bill  Hew- 
lett and  Dav^  Pffcka^prwided'  When  answering  the  queen's  que*K 

•  lion,  perhaps  the  more  impotent  questions  to  ask  are:  How  can  we 
make  this  keep  happening?  How  can  we  raak*  -t^  advance- 
ment cdhtinue?  How  can ?w& make  it  happen  i«f  other  places  out- 
side the  Silicon  Valley  throughout  the 'country?  ; 

The  bills  before  Us  deal  with  this  fcsqf.  Their  objective  is  to  pro- 
mote technological  advancement.  Their  objective  is  to  promote  the 
application  of  technology.  But  I  would  agree  with  John  Young.  1 
have  a  skepticism  that  they  would  be  able  to  achieve  those  objec- 
tives. Irk  particular,  they  seem  to  me  to  demonstrate  what  I  guess  is 
a  trap  that  those  of  us  in  government  often  fair  into:  problem-solv- 
ing by  agency.  "  • 

That  is,  ff  you  see  a  problem,  and  you  do  not  really  know  how.  to 
deal  with  it\what  you  do  is  create  an  agency  or  an  organization  or 
a  board.  You  give  it  a  mandate  to  solve  that  problem  that  you  do 
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not  knoty  hovAto  solve,  and  then  you  provide  what  you  think  is 
enough  moneyffo  provide  the  staff  and  so  forth. 

f  But  that. doe slnot  really  deal  with  the  issue.  That  is,  it  does  not 
reflect  an  understanding  of  the  problem.  I  guess  that  is  why  I 
would  say  that  I  am  skeptical  that  these  particular  organizations 
woul<J  be  effective.  I  do  not  feel  that  the  approach  to  solving  prtfb- 
lems'by  agepfcy  is  anything  more  than  giving  us  in  the  legislative 
branch  the  Opportunity  to  say,  "I  guess  we  have  done  othSob^AVe 
have  created  an  agency  to  solve  the  prbblem.\We  have  funded  it, 
and  now  we  can  go  on  to  the  next  problem. " 
I  can  say  this  knd  I  can  talk  $bout  my  skepticism  because  fcused 

>the  same  approach  in  my  company.  Let  me  tell  you  the  story  about 
it.  4        .  i 

We  were  a  company  about  2  years  old.  We  had  achieved  a  Sales  - 
level  of  about  $2.5  million  in  a  particular  product  area,  and"  the 

'board  of  directors  of  nay  company,  suggested  to  me,  "Ed,* why  don't 
youNbring  in  a  consulting  firm  to  analyze  the  business  and  then  tell 
us  how1  we  can  grow  to-be  a  large  .company— how  we 'can  really 
capture  new  markets.M  So  I  brought  in  the  firm  from  N%  York 
which  is  considered  to  be  one  of  the  experts  in  stratej^d:  and 
market  planning. 

They  did  a  carefUl  analysis  of  our  strengths— which  were  few-- 
and  our  weaknesses— which  were  many— and  came  to  the  conclttr  • 
sibn  that  the  current  product  line  that  we  had  woulfl  be  phased  out 
within  18  months.  They  said,  "There  is  no  market  opportunity 
there.  Within  18  months, the  competition  will  be  so  great  that  yoir 

.are  not  going  to  be  able  to  survive  in  that  market,  and  what  you 
should  do  is  enter  a  completely  new  market." 

A  So  I  followed  their  advice.  Thev  liad  a  very  thick  plan  and  a 
fancy  presentation .  I  devoted  all  .the  resources*  we  had  in  the  com- 
pany to  the  new  market  area.  The  only  thing  I  did  with  the  old 
product  line  was,  I  assigned  a  manager  to  it  and  I  Said,  "Why  don't 
you  keep  it  going  as  long  as  you  can?  Don't  expect  it  to  last  more 
than  18  months  or  24  months,  hut  keep  it  going  as  long  as  you 
can." 

Well,  the  new  business  never  materialized.  They  jvere  wrong 
about  the  opportunity.  In  fact,  putting  ^11  of  oUr  resources  in  there 
almost  sunk  us.  The  old  business,  however,  grew  very  rapidly.' And 
now,  where  it  was  a  $2.fi  million  business  some  yeard  ago,  it  is  now 
Over  $100  million,  a  part  of  the  company  that  I  left  recently. 

It  indicated  to  me  the  ridiculousness  of  saying,  "If  we  do  not  un- 
derstand the  problem,  let's  bring  in  a  consulting  firm"  or  the  ridic- 
ulousness or  the  folly  of  saying,  "If  we  don't  know  how  to  advance* 
technology,  let's  set  up  an  organization  to  do  it."  It  just  does 'not 
,  in  my  opinion.  '  - —  • 

Well,  what  does  work,  or  what  is  the  role  of  .the  Government? 
That  is  the  question  we  hpve  to  ask.  The  task  force  that  Don  Hitter 
and  I  chtiir,  the  Task  Force  on  High  Technology  Initiatives,  part  of 
the  Republican  Research  Committee,  has  made  some  proposals 
about  what  the  proper  role  of  Government  is.  We  have  documented 
those  proposals  in  a  little  booklet  which,  if  it  would  be  possible,  Mr. 
Chairman,  I  would  like  included  in  the  record  at  this  point 
Mr.  LutfbiNK.  That  will  be  included  in  the  record. 
[The  booklet  mentioned  above  follows:]  , 
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Targeting  the  Process 
of  Innovation 


An  Agenda  For  U.S.  Technological 
Leadership  And  Industrial  Competitiveness 


.  ..  .  t 

Recommendations  PrepatedByiJ. 
The  Steerirtg'Committee'dJ  ' 
The  Task  Force  OnJiigh  Technology  Initiatives 
House  Republican  Research  Qsmmfitte& 
U.S.  House  of  Representatives  \  ' 
First  MHorn^May  1984 


54  • 


■  *       1  ■  ■ 

■'-  t  M  '  ' 
v    v.  « •'  u  : 


60  | 


^House  Republican'Research  Committee 
Honorable  Jerry  Lewis,  of  California,  Chairman 
Bob  Okurt,  Director 

* 

,    Task  Fdrce  on  High  Technology  Initiatives 
Steering  Committee  * 

Honorahle  Ed  Zschau,  0/  California,  Chairman 
Honorable  Don  Ritter,  0/  Pennsylvania]  Vice  Chairman 
Honorable  Herbert  H,  Rateman,  0/  Virginia 
Honorable  SherwoA^l  L  Boehlert,  of  New  York  .. 
Honorable  Rod  .Chandler,  0/  Washington 

Honorable  Copper  Evans,  of  Iowa 
Honorable  Hamilton  Fish  Jr.,  of  New  York  .  * 
Honorable  Nancy  L  Johnson,  0/  Connecticut  ■» 
4  Honorable  John  R.  Kasich,  0/  Ohio 
Honorable  Bill  Lowery,  of  California 
Honorable  Dan  Lungren,  0/  California 
Honorable  Michael  G.  Oxley,  of  Ohio, \ 
Honorable  Charles  Pashayaji,  Jr.,  of  California 


Task  Force  Staff  * 

Jim  LeMuhyon.  Director  j  Mark  Krotoski 

Bob  Bishop,  Assistant  Director  J  Paul  Mackert, 

Pam  Critchf ield        *  ":  Rick  May 

Matt  Cook      '  Skip  Priest  * 

Dr.  Joe  Dickey   •  TomSchat*. 
Rick  Dykema      '    ■    -       /          ■-•  Jack  Seum  - 

?en  Hatidad  *  •  ' .  -  Pa"y  sheel* 

*     ■  Mike  Vegis  * 


America's  challenge  today  and  for  the  future  is  to  create  enough, 
new  and  satisfying  jobs  io  employ  our  growing  work  force  and  to 
.  increase  the  standard  of  living  for  all  Americans.  The  key  to 
meeting  this  challenge  is  industrial  competitiveness —developing 
and  producing  products  and  services  whose  quality  and  prices^ 
make  them  attractive  to  consumers  abroad  and  those  here  at 
hony. 

{Jnder  President  Reagan's  leadership,  the  United  States  today  is 
experiencing  strong,  broad-based  economic  growth.  Nevertheless, 
some  American  industries  have  lost  their  competitive  edge.  U.S. 
firms  have  been  beaten  out  in  foreign  markets,  and  they  have  \os\0 
market  share  here  at  home.  This  has  cost  American  jobs. 
x  Some  suggest  that  this  is  a  permanent  condition.  They  say  that 
America  should  "write  off"  industries  that  have  lost  ground  and 
concentrate  solely  on  new  "sunrise"  industries. 

We  disagree.  We  believe  America  can  improve  its  com- 
petitiveness in  those  traditional  industries  that  still  have  growth 
potential  worldwide.  However,  to  do  so  American  industries  will 
have  to  exploit  change  rather  than  fight  it.  U.S.  firms  will  have  to 
operate  in  new  and  better  ways.  They  will  have  to  offer  improved 
products  and  services.  They  will  have  to  find  techniques  to  in- 
crease worker  productivity  and  product  quality.  In  short, 
American  industries  must  apply  far  more  technology  and  innova- 
tion, and  they  must  improve  the  utilization  Qf  manpower. 

U.S.  leadership  in  technology  and  its  applications  has  been  a 
primary  source  of  increased  competitiveness  and  new  jobs  in  the 
past.  We  must  preserve  our  leadership.  But  the  creation  of  new 
technologies  and  innovation  can't  be  forced  Creative  ideas,  im- 
iroved  products,  new  companies,  ar^jrevitalized  factories  don't 
_£ring  from  government  "targeting"  of  technologies  or  industries. 
Rather,  they  are  the  product  of  individuals  w^h  vision,  genjus,  and 
the  courage  to  take  risks.  As  such,  innovation  can  only  be  fostered 
by  an  economic  environment  that  encourages -individuals  and 
growth. 

We  believe  that  the  proper  role  of  government  in  promoting 
VS.  technological  leadership  and  industrial  competitiveness  is  to 
"target"  the  process  by  which  new  ideas  and  products  are 
developed— f/itf  process  of  innovation.  That  is/  our  government 
should  focus  on  creating  an  environment  in  this  country  in  which 
Innovation,  new  ideas,  and  new  companies  are  likely  to  flourish 
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and  in  which  firms  In  mature  industries  can  modernize.  Making 
sure  [hat  such  an  environment  agists  is  the  best* way  government 
can  -help  America  maintain  its  Jechnological  leadership  and  in- 
dustrial competitiveness. 

There  are  four  conditions  needed  for  an  environment  that  pro- 
motes innovation:  * 

•  A  strong  commitment  to  basic  research,  deepening  and  broaden- 
ing our  understanding  of  fundamental  processes  that  will  form 
the  basis  for  industries,  processes,  and  products  in  the  future; 

•  Incentives  for  investors,  entrepreneurs,  and  innovators  to  pro- 
vide the  capital  and  take  the  personal  risks  associated  with  mak- 
ing  technological   advances,   developing   new  products, 

A  establishing  new  companies,  and  rejuvenating  mature  industries; 

•  A  strong  educational  capability,  particularly  in  the  sciences,  that 
assures  an  ample  quantity  of  trained  technical  and  managerial 
personnel  and  a  broad  base  of  educated  and  well-trained  citizens 
wh«  can  meet  the  challenges  of  a  rapidly  changing  world; 

•  Expanding  market  opportunities,  domestic  as  well  as  foreign, 
,  which  require  a  healthy  domestic  economic  environment  and  ag* 

gressive  trade,policies. 


Proper  government  policy  for  industrial  competitiveness  is  one 
that  focuses  on  these  prerequisites  for  innovation.  It  consists  of 
specific  legislative  and  regulatory  initiatives  that  foster  these  condi- 
tions  and  aVoiq's  government!  actions  that  would  weaken  them. 
The  specific  initiatives  needed  will  vary  as  actions  are  taken  and 
events  unfold,  but  there  are  specific  actions  that  can  and  should  be 
taken  .rigmnow.  .  x*. 

this  Agenda 'for  U.S.  Technological  Leadership  and  Industrial 
Competitiveness  contains  14  legislative  initiatives  that  we  believe 
th^  98feh  Co%fess  should  take  in  1984  to  strengthen  the  elements 
.that  a^lfuftda^ntal  to  the  process  of  innovation.  We  have  Ignited 
this  fir^tjedltion  of  the  Agenda  to  specific  proposals  that  can  and 
should]*  Implemented  in  1984.  All  of  the  initiatives  recommended 
in  .this  r#ndf  are  designed  to  improve  the  climate  for  innovation . 
We  beiieye  e|ch  is  important  and  would  make  a  meaningful  dif- 
ferenceVHo^eyer,  we  believe  one  recommenctttion^-reducing  the 
en<irm^i  projected  federal  budget  deficits— stands  out  Ibove  the 
others  in  wimnact.  The  other  proposals  will  only  be  fully  effective 
in  a  healthy;,  domestic  economy  which  cannot  survive  continued 
deficit  spending  of  Jjie  magnitude  now  projected.  1 
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BASIC  RESEARCH 

RECOMMENDATIONS  FOR  1984 

Increase  emphasis  on  civilian  basic  research  as  recommended  in 
the  President's  FY85  budget; 

Offer  a  25%  tax  credit  for  corporate  funding  of  research  in  col- 
leges and  universities; 

Modify  antitrust  laws  to  require  that  R&D  joint  ventures  be 
judged  by  their  competitive  effects  only  and  reduce  the  potential 
liability  for  damages  from  treble  to  actual  damages. 

INCENTIVES  FOR  RISK  TAKING 

RECOMMENDATIONS  FOR  1984 

Make  permanent  the  R&D  tax  credit  and  make  it  applicable  to 
software  and  start-up  companies; 

Make  permanent  the  moratorium  on  Treasury  Regulation  Sec- 
tion 861.8; 

Modify  antitrust  and  intellectual  property  laws  to  require  that 
the  courts  consider  the  effects  of  competition  when  judging  alleg- 
ed patent  misuse  by  a  patent  holder  and  alleged  antitrust  viola- 
tions in  the  licensing  of  intellectual  property; 
Permit  enforcement  of  a  domestic  process  patent  against  a  pro- 
duct made  without  proper  authority  in  a  foreign  country  by  the 
patented  process; 

Extend  intellectual  property  law  to  include  semiconductor 
designs  'and  masks. 

PROVIDING  TRAINED  PERSONNEL 

RECOMMENDATIONS  FOR  1984 
,     i      •  ,  " 

Offer  tax  credits  and  enhanced  deductions  to  corporations  con- 
tributing state-of-the-art  scientific  equipment  and  related  support 
services  to  colleges  and  universities  for  educational  purposes; 
Permit  foreign  nationals  who  possess  critical  skills  which  are  in 
short  supply  in  the  U.S.  to  remain  and  work  here, 
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EXPANDING  MARKET  OPPORTUNITIES 

RECOMMENDATIONS  FOR  19S4 

Create  a  new  export  incentive  to  replace  the  Domestic  Interna- 
tional Sales  Corporation  (DISC)  that  the  U.S.  has  agreed  to 
discontinue; 

Instruct  our  trade  negotiators  to  seek  elimination  of  trade  bar- 
riers and  extension  of  the  GATT  to  cover  investments  and  ser- 
vices; 

Focus  and  streamline  export  controls  so  they  are  more  effective 
in  preventing  the  trade-rented  transfer  of  militarily  critical 
technologies  to  our  adversaries  while  avoiding  unnecessary 
obstacles  to  exports;  r 
Take  actions  to  reduce  substantially  the  projected  budget  deficits 
for  FY1985  and  beyond. 
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Enhancing  U.S.  Technological  Leadership 

and 

Industrial  Competitiveness 


America's  Challenge:  Jobs  and  Prosperity  • 

*. 

America's  challenge  today  and  for  the  future  is/to  create  enough 
new  and  satisfying  jobs  to  employ  our  growing  work  force  and  to^ 
increase  the  standard  of  living  for  all  Americans.  The  key  to 
meeting  this  challenge  i$  industrial  competitiveness— developing, 
and  producing  products  and  .  services  whose  quality  and  prices/ 
made  them  attractive  to  consumers  abroad  and  those  here  av 
home." 

.  Under  President  Reagan's  leadership,  the  United  States  today  is 
experiencing  irong,  broad-based  economic  growth.  Nevertheless, 
some  American  industries  have  lost  their  competitive  edge.  U.S. 
firms  have  been  beaten  out  in  foreign  markets,  and  they  have  lost 
market  share  here  at  home.  This  has  cost  American  jobs. 

Some  suggest  that  this  is  a  permanent  condition.  They  sayihat 
America  should  "write  off"  industries  that  have  lost  ground  and  < 
concentrate  solely  on  new  "sunrise"  industries. 

We  disagree.  We  believe  America  can  Improve  its'  com- 
petitiveness in  those  traditional  industries  that  -still  have  growth 
potential  worldwide.  However,  to  do  so  American  industries  will 
Rave  to  exploit  change  rather  than  fight  it.  U.S.  firms  will  have  to 
operate  in  new  and  better  ways.  They  will  have  to  offer  improved' 
products  and  services.  They  will  have  to  find  techniques  to  in- 
crease worker  productivity  and  product  quality.  In  short, 
American  industries  must  apply  far  more  technology  and  trtnflva* 
tlon,  and  they  must  improve  the  utilization  of  manpower. 
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US.  Technological  Leadership  Hep  Helped  Create  lobs 

Over  the  paBt  several  years,  a  variety  of  studies  have 
documented  the  importance  of  technological  innovation  to  our 
economic  growth,  productivity,  job  opportunities,  and  trade  com- 
petitiveness. A  study  by  the  Massachusetts  Institute  of  Technology 
— —  estimatecHhat  80  percent  of  the  growth  in  the  gross  national  prod- 
uct of  the  United  States  between  1909  and  1949r  was  due  to 
technological  change(l).  Further,  a  recent  Commerce  Department 
'  stud^found  that  during  the  192Q's,  th?  productivity  growth  rate  in 
high  technology  industries  was  more  than  six  times  the  average  of 
U.S.  business.  During  the  same  period,  employment  in  high 
technology  and  support  industries  grew  more  than  50%  faster  than 
the  growth  in  total  U.S.  employment (2).  * 
In  recent  years,  while  the  overall  export  performance  of  the 
United  States  h£s  not  been  good,  exports  of  technology-intensive 
products  have  shown  excellent  growth.  From  1970.  to  1980,  these  - 
industries  increased  their  export  surplus  from  $10.4  billion  to  $42,4  <>; 
billion  per  year.  During  the  same  period,  the  trade  balance  of  in- 
dustries without  technological  base6  declined  from  near  zero  to  a 
negative  $21.5  billion  per  year(3).  Since  each  $1  billiort  of  exports 
results  in  about  25,000  jobs  for  Americans,  it  is  cldkj-  that 
American  technological  leadership  in  the  past  has  enabled  the 
United  States  to  create  many  new  jobs(4). 

U.S.  Technological  Leadership  is  Being  Challenged-From 
Abroad  .  1 

On  January  25, 1983,  Presiden/ Reagan  in  his  State  of  the  Union 
message  announced  that  'This  Administration  is  committed  to 
keeping  America  the  technological  leader  of  the  world  now  and  in-  f 
to  the  21st  century."  This  commitment  by  the  President  to  spur 
technology  may  have  come  just  in  the  nick  of  time.  U.S. 
technological  leadership  has  lost  momentum  \A  recent  years.  It 
hasn't  been  squandered  like  some  other  resources  tnrough  overuse 
and  waste.  It's  been  frittered  away  through  neglect. 

During  the  1970s,  research  and  tteveloprrfent  (R&D)  expen-  . 
ditures^as  a  percent  of  gross  national  product  (GNP)  declined 
about  10%  in  the  United  States',  reaching  a  low  in  1977-78"  of  N 
2.23%.  At  the  same  time,  our  two  most  aggressive  trading  part- 
ners—Japan and  West  Germany— increased  their  R&D  expen- 
ditures as  a  fraction  of  GNP  by  20%  and  21%  respectively.  For- 
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tunately,  the  U.S.  trencThas  reversed  since  1978,  and  in  1983,  R&D 
as  a  fraction  of  GNP  is  estimated  at  2,65%—  about  equal  terjapan 
bf\d  West  Germany.  However,  since  the  U.S.  conducts  much  more 
defense-related  R&D  than  the  other  two  nations,  figures  for 
civilian  R&D  are  presently  ajjout  30%  higher  for  Japan  and  West 
Germany(5). 

The  lower  intensity  of  our  research  efforts  in  the  1970's  appears 
to  have  contributed  to  a  decline  in  our  leadership  in  contributions 
to  engineering  and  scientific  advances.  Domestic  patenting  by  U.S. 
inventors  declined  by  24  percent  during  the  period  1972-81,  while 
U.S.  patents  to  foreign  inventprs  increased(6).  U.S.  market  share 
of  technology-intensive  products  also  fell,  from  23.1%  in  1970  to 
19,9%  in  1980(7). 


Central  Planning  Isn't  the  Answer 

Due  to  the  outstanding  performance  of  the  U.S.  high  technology 
industries  plus  the  grpwing  recognition  that  U.S.  leadership  in 
technology  and  it$  applications  are  being  threatened  from  abroad, 
high  technology  and  industrial  competitiveness  issues  have  been 
receiving  considerable  attention  in  Congress  recently, 
f     This  is  good,  but  in  its  enthusiasm  to  help,  Congress  must  avoid 
the  temptation  of  promoting  direct  government  involvement  of 
targeting  "winners"  and  "losers"  in  American  industry.  The  dismal 
results  of  the  British  experiment  in  central  planning  and  the  recent 
U.S.  experience  in  government  "assistance"  to  synthetic  fuels,  for 
example,  should  illustrate  the  fallacy  of  that  approach.  Still,  the 
House  Banking  Comnutttf  recently  passed  a  bill  which  proposes 
forming  a  Council  Tor  Industrial  Competitiveness  and  an 
associated  Bank  for  Industrial  Competitiveness.  Thpse  new  agen- 
cies would  be  charged  with  formulating  a  "broad  industrial 
strategy"  by  providing  billions  of  dollars  in  federal-funds  to 
targeted  companies(8).  A 
We  believe  such  a  scheme  would  be  doometr  to  failure. 
1  Bureaucrats  in  VNfoshington,  D.£.  should  not  be  given  the  job  of 
\  picking  between  opportunities  and  dead  ends.  Making  soch  deci- 
\  sions  is  hard  enough  for  investors  or  managers  in  the  private  sector 
}  who  are     the  firing-line  and  have  much  to  gain  or  lose  personally 
from  the  results.  Besides,  politics  would  undoubtedly  play  a  majpr 
^      role  in  the  decisions  of  the  Bank  and  Council.  Tjm  history*. of> 
federal  handouts  indicates  that  the  money  is  often  given  to  the  in- 
dustries and  regions  who  are  best  represented  in  Washington  rather 
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than  on  the  basis  of  merit.  A  similar  conclusion  was  reached  by  the 
Joint  Economic  Conyhittee  after  extensive  hearings  were  held  on 
industrial  policy  last  year. (9) 

A  recent  Pwce-Waterhouse  survey  of  over  400  com- 
panies—mostly small  and  mid-sized  firms— showed  that  business 
people  understand  the  folly  of  such  government  intervention.  Less 
than  five  percent  of  thos? purveyed  supported  the  approach  of 
government  finance  banks  or  industrial  targeting(lO), 


Government  Should  Target  the  Process  of  Innovation 
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The  federal  government  can  play  a  role  in  promoting  U.S. 
technological  leadership  and  industrial  competitiveness,  but  we 
believe  it  should  be  a  "targeting"  bf  a  different  kind,  Rather  than 
rgeting  specific  technologies  or  industries,  the  proper  role  of 
government  is  to  target  the  process  by  which  the  new  ideas  and 
products  are  developed-rthe  process  of  innovation.  That  is,  our 
government  should  focus  on  creating  an  environment  in  this  coun- 
try in'which  innovation,  new  ideas,  and  new  companies  are  likely 
to  flourish  and  in  which  firms  in  mature  industries  can  modernize. 
Fostering  such  an  enviroriment  is  the  best  way  government  can 
help  America  maintain  its  techno^gjcal  leadership  and  industrial 
competitiveness.  * 

There  are  four  conditions  needed  or  an  environment  that  pro- 
motes innovation:  , 

•  A  strong  commitment  to  basic  research,  deepening  and  broaden- 
ing our  understanding  of  fundamental  processes  that  will  form 
the  basis  for  industries,  processes,  and  products  in  the  future; 

•  Incentives  for  investors,  entrepreneurs,  and  innovators  to  pro- 
vide the  capital  and  take  the  personal  risks  associated  with  mak- 
ing technological  advances,  developing  new  products, 
establishing  new  companies,  and  rejuvenating  mature  industries; 

strong  educational  capability,  particularly  in  the  sciences,  that 
Assures  an  ample  quantity  of  trained  technical  and  managerial 
personnel  and  a  broad  base  of  educated  and  well-trained  citizens 
vyho  can  meet  the  challenges  of  a  rapidly  changing  world; 

•  Expanding  market  opportunities,  domestic  as  well  as  foreign, 
Which  require  a  healtny  domestic  economic  environment  and  ag- 
gressive tr^de  policies, 
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Proper"  government  policy  for  industrial  competitiveness  is  one 
that  focuses  on  these  prerequisites  for  innovation.  It  consists  of 
specific  legislative  and  regulatory  initiatives  that  foster  these  condi- 
tions and  avoids  government  actions  that  would  weaken  them. 
'  The  specific  initiative  needed  will  vary  as  actions  are  taken  and 
events  unfold,  but  there  are  specific  actions  that  can  and  should  be 
taken  right  now. 


* 


9 

ERIC 


4 


00 


An  Agenda  for  1984  ** 

..  ./ 

The  following  Agenda  for  U.S.  Technological  Leadership  and 
Industrial  Competitiveness  contains  14  legislative  initiatives  that 

•  we  believe  the  98th  Congress  should  take  in  1984*to  strengthen  the 
elements  that  are  fundamentf|  to  the  process  of  innovation, jfte 
have  limited  this  first  edition  of  the  Agenda  to  specific  projfeals 
that  we  think  can  be  implemented  in  1984*  As  such,  it  doeajfoilad- 
dress  manj^  other  important  factors  affecting  innovatiojpflcluding 
K-12  educatioh,  worker  training,  emplpyee  inceWl^s,  cost  of 
capital,  and  technology  commercialization.  Recommendations  on 
these  and  other  factors  will  be  offered  in  future  editions  of  this 
Agenda.  #, 

A  STRONG  COMMITMENT  TO  BASIC  RESEARCH 

♦  . 

America  must  renew  its  commitment  to  basic  research.  The 
federal^  government  must  continue  to  increase  its  funding  of 
research  carried  out  in  universities  and  research  laboratories.  The 
truly  basic^research—  such  as  the  study  of  DNA  that  eventually 
resulted  in  gene  splicing  technology  which  spawned  the  genetic 
engineering  industry— will  normally  not  be  pursued  by  the  private, 
sector  because  it  is  not  related  closely  enough  to  specific  products. 
Funding  such  research  is -a  proper  role  of  government.  Federally 
funded  basic  research  performed  in  America's  colleges  apd  univer- 
sities also  helps'to  train  the  scientists  and  engineers  needed  for 
teething  and  future  research. N 

/We  support  the  Administration's  inlreased  emphasis  on_cjvilian 
basic  research  in  the  FY85  research  and  development  budget  recom- 
mendations, and  the  stepped-up  commitment,  to  integrating  the 
resulting  new  knowledge  .into  the.  private  sector. 

We  also  believe  that  closer  relationships  between  research 
universities  and  American  industry  should  be  encouiaged.  Closer 
ties  would  better  expose  researchers  to  the  problems  and  oppor- 
tunities that  American  firms  face  and  might  result  in  speedier  ap- 
plication of  researcji  results  to  practteahsituations. 

One  way  to  foster*  better  university  relationships  is  to  encourage 
greater  corporate  financial  support  of  university  research.  Legisla- 
tion offering  a  new  25%  tax' credit  for  corporate  ftthding  of 
research  in  univejjeities  and  oth<*  non-profit  institutions  would  do 
that.  It  would  also  reduce  the  enormous  dependency  that  univer- 
sities have  today  on  federaj  funding  of  basic  research.  , 
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In  addition  to  funding  basic  research,  Congress  should  clarify 
U.S.  aqjHtrust  laws  so  they  provide  appropriate  ground  rules  for 
the  U.S.  economy  in  the  international  marketplace  now  and  in  the 
future. 

In  the  United  States  today,  there  are  companies  that  want  to 
'  engage  in  joint  research  and  development  ventures.  Such  ventures 
would  enable  the  companies  to  pool  their  scarce  research  resources 
tp  pursue  vety  risky  or  expensive  projects  and  share  in  the  results 
thatare  produced.  - 

Currently,  any  such  joint  venture  could  be  ruled  a  per  sq  viola- 
tion of  antitrust  law  and  would  be  subject  to  treble  damages.  The 
risk  of  antitrust  suits— even  when  the  R&D  joint  venture  would  in- 
crease U#S.  competitiveness— prevents  companies  in  the  United 
States  fronv  pursuing  important  R&D  projects, 

Antitrust  laws  should  be  modified  so  that  R&D  joint  ventures 
would  be  iucfeedbv  their  effects  on  competition  as  defined  by  case 
law  or  by  legislative  guidelines.  Also,  the  potential  liability  for 
damages  in  such  cases  should  be  reduced  from  treble  to  single  (ac- 
tual)  damages. 

Taking  unnecessary  legal  risks  out  of  the  formation  of  R&D 
*  joint  ventures  would  permit  U.S.  high  teclwology>spmpanies  to 
undertake  R&D  projects  that  would  be  too  risky  or  ubo  expensive  f 
for  a  single  company  to  pursue  alone.  It  would  aldo  enable  com- 
panies to  compete  more  effectively  against  the  (consortiums  that 
have  long  been  encouraged  in  other  Countries.  In  addition,  lessen- 
ing thg  antitrust  risk  would  enable  the  ailing  Companies  in  the  so- 
callecr Smokestack"  industries  to  work  together  to  solve  their  com- 
mon problems  and  become  more  competitive^  world  markets. 

BASIC  RESEARCH 

RECOMMENDATIONS  FOR  1984 

•  Increase  emphasis  on  civilian  basic  research  as  recommended  in 
the  President's  FY85  budget;  * 

•  Offer  a  25%  tax  credit  for  corporate  funding  of  research  in  col- 
leges and  universities;         «  .  •  ' 

•  Modify  antitrust  laws  to  require  R&D  joint  ventures  be  judged 
by  their  competitive  effects  only  and  reduce  the  potential  liability 
for  damages  from  treble  to  actual  damages. 
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INCENTIVES  FOR  THE  RISK  TAKERS 

In  addition  to  basic  research,  the  U.S.  needs  more  incentives  for 
the  risk  takers— the  investa^,  entrepreneurs,  investors,  and  enter- 
prises who  must  take  the  risks  of  pursuing  new  ideas,  Here,  tax 
policy  and  regulatory  policy  play  a  significant  role. 


Tax  Policy 

The  reduction  of  the  capital  gains  tax  rate>  passed  by  Gongress 
in  1978,  illustrates  the  enormous  impact  that  tax  policy  can  have 
on  the  availability  of  risk  capital  for  the  financing  of  new  ventures, 
In  1978,  the  maximum  tax  rate  on  capital  gains  was  reduced  from 
nearly  50  percent  t<f  28  percent.  During  the  eight  years  prior  to 
197%  less,  than  $§0  million  in  new  capital  was  made  available  each 
year  to  venture  capital  funds  investing  in  small  contoanies. 
However,  within  eighteen  months  after  the  capital  gains  tak  was 
reduced,  $1  billion  in  new  capital  was  made  available  to  s^ch 
funds.  The  maximum  capital  gains  rate  was  lowered  again  in  19S1 
to  20  percent,  and  in  1983,  $4.1  billion  of  new  venture  capital  wasx 
.  made  available  from  investors(ll).  . 

In  addition  td  incentives  for  investors,  the  U.S*.  needs  improved 
incentives  for  corporate  risk  taking.  The  Economic  Recovery  Tax 
Act  of  1981  contained  such  an  incentive— a  25  percent  tax  credit 
on  increases  in  research  and  development  expenditures. 

This  tax  credit  was  an  excellent  idea.  It  appears  already  to  have 
had  a  positive  effect  on  research  and  development  expenditures. 
Although  the  R&D  credit  was  opfy  partially  phased-in  during  1981 
and  1982,  a  recent  McGraw-Hill  survey  showed  that  despite  the 
severe  recession  during  that  period,  there  was  a  significant  increase  * 
in  R&D  spending  during  those  years,  making  it  the  first  post-war 
recession  in  which  the  pace  of  research  spending  did  not 
dpcline(12). 

The  R&D,  tax  credit  can  be  an  important  incentive  for  innova- 
tion in  all  industries,  but  the  restrictions  that  were  placed  on  the 
credit  by  Congress  and  the  Treasury  Department  have  hampered 
its  effectiveness/ They  have  limited  the  credit's  applicability  for 
start-up  companies  and  computer  software,  and,  most  important- 
ly,'the  tax  credit  is  only  temporary.  It  expire*  on  December  31, 
1985.  However,  since  most  R&D  projects  are  long-term  in  nature, 
a  temporary  R&D  tax  credit  may  not  provide  an  adequate  incen- 
tive for  such  projects,  Congress  should  pass  legislation  this  year  to 
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refine  trye  applicability  of  the  R&D  credit  and  makeTt  permanent 
so  that  companies  can  be  assured  of  the  credit's  scope  and  * 
afailability  when  planning  long-range  projects. 

Also,  Congress  should  make  permanent  the  airrent.moratQrium 
on  the  research  and  development  portions  of  Section*  861  of  the  tax 
code.  Section  861.8  requires  U.S.  firms  with  overseas  operations  to 
.  allocate  a  percentage  of  their  U.S.  expenditures  against  their 
foreign  source  income.  This  allocation^which  denies  U.S.  firms. the 
full  tax  benefits  of  conducting  R&D  in  the  United  States,  has  caus- . 
ed  U.S.  multinational  firms  to  perform  mqre  R&D  abroad.  Mak-^ 
ing  the  moratorium  on  Section  861*8  permanent  would  keep  more 
R&D  jobs  here  in  the  U.S. 

Irnprovea  mechanisms  are  needed  to  attract  capital  to  com*-  . 
panies  that  ru&not  been  profitable  ir|  recent  years  but  which 
could  regain  trffr  competitiveness  through  retooling  and  moder- 
nization. The  investment  tax  credit  was  enacted  more  than  twenty 
years  ago  as  an  incentive  to  invest  in  new  capital  equipment. 
Unfortunately,  it  has  not  been  effective  for  some  of  the  companies  4 
that  need  it  most.  Although  some  companies  have  made  large  in- 
vestments in  capital  equipment,-  they  ofjen  have  not  earned  suffi? 
dent  profits  to  use  all  their  tax  credits  against  their  liability:  This 
increases  their  after-tax  cost  of  capital  and  places  tnem  at  a  com- 
petitive disadvantage,  particularly  against  competitors  in  countries 
where  the  cost  of  capital  is  lower.  The  Task  Force  will  hold  hear- 
ings on  fhe  capital  formation  problems  of  the  ailing  industries,  with 
the  intent  of  jproposing  specific  actions  later  this  year  to  addrfss  the 
.problems. 

Patents  and  Copyrights 

In  addition  to  tax  incentives,  patent  and  copyright  laws  needlo 
be  strengthened  to  insure  that  innovators— both  private  and  cor- 
porate—can  receive  fair  rewards  for  their  ingenuity.  Qften,  the 
most  efficient  way  to  bring  a  new  technology  to  market  is  by  liceh-  < 
sing  that  technology  to  others.  Licensing.can  enable  intellectual 
property  owners  to  employ  the  capability  of  established  enterprises 
to  market  a  technology  quickly  and  at  lower  cost. ^This  can  be, par- 
ticularly important  for  some  small  businesses  that  do  not  have  the 
ability  to  develop  all  possible  applications  of  new  technologies  by 
themselves.  v  '  . 

Unfortunately,  the  courts  have  not  always  been  sympathetic  to 
the  pro-competitive  benefits  of  licensing.  They  have  ruled  against  m 
patent  holders  based  on  the  form  of  their  license  agreements  ratjier 


than  their  effects  on  competition.  We  believe  innovation-can  be  en- 
couraged by  modifying  the  antitrust  and  intellectual  property  laws 
to  require  that  the  effects  on  competition  be  considered  by  courts 
in  Cases  involving  the  ajleged  misuse  of  a  patent  or  copyright  or  in- 
volving^hrtttust  charges  stemming  from  intellectual  property 
licensing^  X  ;  ' 

We  4\§o  reijpmmend  strengthening  the  protection  of  U.S.  pro- 
cess patent  holders  by  Authorizing  enforcement  of  a  U.S.  process 
patent>  against  a  product  made  without  proper  authority  in  a 
foreign  country  by  the  patented  process.  This  is  necessary  because 
today  foreign  companies  can  use  U.S.  process  patents  abroad 
withou^authorization  and  then  sell  the  resulting  products  in  the. 
United States  with  impunity, 

Semiconductor  circuit  designs  need  protection  from  "pirafe" 
iirms— mostly  overseas^which  copy  "chips"  designed  by  U.S. 
*  firms.  These  chips  have  become  pervasive  in  a  wide  variety  of  pro- 
ducts such  as  autpmobiles,  home  appliances,  and  toys.  ^Pirate" 
firms,  which  dpn't.  spend,  money  on  R&brcan  sell  their  copied 
/producbrfdr  much  less  than -the  companies  that. designed  the  pro- 
ducts. This  practice  reduces  the  incentive  for  innovative  companies 
to  risk  the  millions  of  R&D  doftars  required  for  new  semiconductor 
circuit  dbigiis.. Protecting  semteonductor  circuit  designs  under  in- 
tellectual property  law  would  help  innovative  firms  receive  a  fair 

return  on  their  .investments.  * 

1         *  .        h    ■  m 

r 

Federal  Regulations     *  .  <  ' 

A  significant  portion  of  capitallWpwaifures  by  the  private  sec- 
tor is  diverted  from  productivenfnvestment  by  regulations  and 
government-induced  delays.  Whfle  many  of  these  regulations  are 
beneficial  and  necessary,  they.can  be  improved  to  accomplish  their 
objectives  without  stifling  innovation  and  productive  investment. 
We  support  the  Increased  use.  of  cost-benefit  analysis,  risk  analysis, 
incentive-ba$ed  regulation,  scientific  data,  and  performance  stan- 
dards in  regulatory  polity  and  practice.  In  the  future,  we  plan  to 
offer  specific  proposals  on  ^redugng  the  regulatory  dragoon, 
technological  advances  and  industrial  competitiveness. 
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INCENTIVES  FOR  RISK  TAKING 

RECOMMENDATIONS  FOR  1984 

*Make  permanent  the*  R&D  tax  credit  and  make  it  applicable  to 

software  and  start-up  companies; 
•Alake  permanent  the  moratorium  on  Treasury  Regulation  Sec- 
/  TTOn  861.8;     .  ^ 

•  Modify  antitrust  and  intellectual  property  laws  to  require  that 
\  % . .     the  courts  consider  the  effects  of  competition  when  judging  alleg- 
ed patent  misuses  by  a  patent  holder  and  alleged  antitrust  viola- 
tions in  the  licensing  of  intellectual  property; 

•  Permit  enforcement  of  a  domestic  process  patent  against  a  pro- 
duct macje  without  proper  authority  in  a  foreign  country  by  the 
patented  process;  -  •  * 

•  Extend  intellectual  property,  law  to  include  semiconduct 
designs  and  masks. 

AN  ADEQUATE  SUPPLY  OF  TRAINED  PERSONNEL 

*  H 

i 

'  The  American  educational  systems  should  provide  an  adequate 
supply  of  trained  people— particularly  technically  trained  person- 
nel However,  the  future  demand  for  engineers,  scientists,  Ahd 
technicians  is  predicted  to  outstrip  the  supply.  This  could  put  the 
*  U.S.  at  a  severe  competitive  disadvantage  in  world  markets. 
Japan,  for  example,  with  half  the  population  of  the  U.S.,  is  training 
ab<#ut  the  same  number  of  bachelor-level  engineers  per  year  as  the 
United  States,  An  American  Electronics  Association  (AEA)  survey 
predicts  that  there  may  be  a  shortage  of  about  16,000  new  elec- 
,  trical  engineers  and  computer  scientists  per  year  for  the  next  few 
years(13), 

Although  there  are  improvements  needed  at  all  levels  of  our 
educational  system— pre^llege,  college,  vocational,  continuing, 
and  worker  retraining— we  believe  the  most  critical  education 
roadblock  to  innovation  today  stems  from  a  lack  of  capacity  in 
our  university  science  and  engineering  departments.  This  is  due  to 
the  high  £pst  of  educating -todKnical  people.  Universities  struggle  to 
attract  enough  qualified  professors  because  industrial  salaries  &re 
so  attractive.  As  a  result,  there  are  currently  some  1400  unfilled 
faculty  openings  in  U.S.  engineering  schools(14).  Sadly,  67  percent 
of  the  engineering  student  applicants  are  turned  away(lS).  Also, 
most  schools  can't  afford  to  buy  all  the  up-to-date  equipment  need- 
ed to  train  engineers  and  scientists,  * 

Private^  industry  has  aiy  important  role  to  play  in  funding 
technical  education  prograrhs.  The  AEA  and  the  Massachusetts 
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High  Technology  Council,  for  example,  have  already  established 
industrial  giving  programs  to  collect  money  from  corporations  for 
faculty  salaries  and  equipment. 

The  federal  government  has  a  role  to  play,  too.  Tax  credits  and 
enhanced  deductions  for  corporate  contributions  of  state-of-the-art 
equipment  and  support  services  for  educational  purposes  should 
be  offered.  Such  incentives  would  encourage  more  private  sector 
support  for  increasing  the  capacity  of  our  technical  education 
facilities  without  requiring  a  new  federal  bureaucracy  to  carry  it 
out.  .  # 

r  /,  'U.S.  immigration  policy  should  also  recognize  the  need  for 
grained  technical  people.  In  particular,  a  high  percentage— 30%  to 
f$0%— of  graduate  engineering  students  are  foreign  nationals. 
Indents  who  develop'  technical  skills  that  are  in  short  supply  in 
Mja.  country  should  be  permitted  to  remain  here.  Immigration 
^:;0Gfm  legislation  should  continue  to  permit  technically  trained 
\|c$fcign  nationals  to  remain  in  this  country  to  contribute  to  U.S. 
j*tti|n6logy  rather  than  requiring  such  students  to  return  to  their 

countries  after  receiving- their  education  in  the  U.S. 
';f*0le  recognize  and  are  concerned  about  the  plight  of  workers 
4-Y$V$'.are  unprepared  for  the  changes  and  new  jobs  that  will  be 
ted  by  advances  in  technology.  The  Jobrf raining  Partnership 
which  went  fully  into  effect  on  October  1, 1983,  was  designed 
Idress  this  problem.  We  will  be  evaluating  its  effectiveness  and 
Export  on  its  performance  as  well  as  suggesting  improvements 
§C»ther  job  tfainingynitiatives  in  future  editions  of  this  Agenda. 


PROVIDING  TRAINED  PERSONNEL 

RECOMMENDATIONS  FOR  1984 


r  tax  credits  and  enhanced  deductions  to  corporations  con- 
ting  state-of-the-art  scientific  equipment  and  related  support 
ices  to  colleges  and  universities  for  educational  purposes; 
it  foreign  nationals  who  possess  critical  skis  which  are*  in 
supply  in  the  U.S.  to  remain  and  work  here.  ' 

ING  MARKET  OPPORTIWTIES 

< 

if  the  United  States  his  a  strong  research  base,  incentives 
faking,  and  well-trained  people,  innovation  and  the  crea- 
J     jobs  will  be  stifled  unless  there  are  attractive  business 
at  home  and  abroad.  Tljat  means  America  must 
domestic  economy,  and  U.S.  businesses  must  have 
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access  to  foreign  markets.  Government  can  play  an  important  rc\ 
in  fostering  both.       ,  " 

The  United  States  should  vigorously  pursue  a  trade  policy  aimed 
at  achieving  free  and  fair  trade.  The  U.S.  should  negotiate  in  a 
tough-minded  fashion  to  break  down  the  trade  barriers  erected  by 
our  trading  partners  so  that  American  companies  can  compete  on 
a  level,  two-way  street.      *  • 

In  working  to  remove  trade  barriers,  we  should  strive  to 
strengthen  the  General  Agreement  on  Tariffs  and  Trade  (GATT), 
the  multilateral  organization  which  has  done  so  much  in  the  past  to 
liberalize  trade  among  the  nations  of  the  world.  In  addition,  the 
pole  of  the  GATT  should  be  expanded  to  cover  services  and  in- 
vestments—two areas  of  growing  importance  jjf  today's  world. 
Negotiating  with  our  trading  partners  tcwmodify  the  GATT  to  pro- 
vide coverage  of  services  and  investments  would  help  to  improve^ 
our  balance  of  payments  and  protect  U.S.  investors  from  damag- 
ing interference  by  foreign  governments. 

In  additiqrj^to  negotiating  Jfor  a  fair  trading  environment, 
government  policy  should  encourage  exports  by  U.S.  firms,  par- 
tictilarly  small  businesses.  Tax  incentives(likethe  Domestic  Interna: 
tionaLSales  Corporation  which  permit  the  deferral  of  taxes  on 
profits  fropi  export  fales)  should  be  provided  to  .encourage  and  help 
finance  experts.  / 

Export  controls^!  high  technology  products  should  be  focused 
and  streamlined  to  prevent  the  trade-related  transfer  of  militarily 
critical  technologies  to  our  adversaries  while,  at  the  same  time, 
making  exporting  easier  £pr  U.S.  companies.  Likewise,  restrictions 
on  exports  to  achieve  foreign  policy  goals  should  be  implemented 
only  after  carefully  considering  existing  contracts  and  determining 
whether  they  can  be  effective  in  light  of  the  availability  of  the  pro- 
ducts from  foreign  sources.  * 

Most  importantly,  U.S.  businesses  can  achieve  their  full  poten- 
tial to  Create  jobs  if  they  operate  within  a  healthy  domestic 
economic  climate.  People  are  less  vvilling  to  invest,  mjlke  long-term 
jbusiness  commitments,  and  borrow  the  funds  needed  for  expan- 
sion when  there  is  uncertainty  about  the  direction  of  interest  rates 
and  inflation.  % 

Congress,  and  the  Administration  should  act  with  a  sense  of 
urgency  to  reduce  significantly  the  enofohous  projected  budget 
deficits  which  are  a  source  of  economic  uncertainty  and  distort  in- 
ternational exchange  rates  in  a  way  that  damages  U.S.  export  op- 
*  portunities.  We  believe  reducing  the  deficits  requires  a  monetary 
policy  that  accomrhodates  economic  growth,  a  tax  policy  ,  that 
encourage^  savings  and  investment,  and  the  discipline  to  curtail  the 
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growth  of  spending.  Only  then  can  innovation  flourish,  mature  in- 
dustries be  rejuvenated,  and  prosperity  be  sustained. 


.   „    EXPANDING  MARKET  OPPORTUNITIES 

•     RECOMMENDATIONS  FOR  1984     '     •  * 

<>  •  Instruct  Our  trade  negotiators  to  seek  elimination  of  trade  bar- 
riers and  extension  pf  the  GATT  to  covet  investments  and  ser- 
vices; * 

•  Create  a  new  expert  incentive  to  replace  .the  Domestic  Interna- 
tional Sales  Corporation  (DISC),  which  the  U.S.  fras  agreed  to 
discontinue; 

•  Focus  and  streamline  exhort  controls  so  they  are  effective  in 
preventing  th^  trade-rdSted  transfer  of.  militarily  critical 

M  technologies  to  our  adversaries  while  eliminating  unnecessary 
W    obstacles  to  exports;  *  ■ -  . 

•  •  Take  actions  to  reduce  substantially  the  projfected  budget  deficits 
for  FY  1985  and  beyond. 
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Conclus^pn 


t 

We  have  necessarily  focused  this  Agenda  on  conditions  we 
believe  will  foster  innovation  and  maintain  the  U.S.  leadership  role 
in  technology  and  industrial  competitiveness.  This  will  increase  job 
opportunities  and  the  standard  of  living  for  Americans.  In  addi- 
tion, it  must  be  emphasized  that  with  a  strong,  vibrant  industrial 
base,  America  can  lead  the  quest  of  peoples  throughout  the  world 
for  increased  standards  of  living,  better  education,  improved 
health,  and  more  pYoductivfe  jobs, 

Technology  and  innovation  are  perhaps  our  nation's  greatest 
strengths.  They  must  be  preserved.  However,  innovation  pannot 
be  forced,  It  can  only  be  fostered.  It  is  fostered  by  creating  an  en- 
vironment that  emphasizes  freedom  of  scientific  and  industrial  ac- 
tivities and  that  offers  incentives  to  the  innovators,  entrepreneurs, 
and  investors  who  have  the  talent  and  resources  to  advance  and 
apply  technology.  It  is  fostered'  by  a  thorough  understanding  of 
fundiamental  scientific  processes  and  by  a  population  that  is  well- 
educated  in  science  and  its  application.  It  is  fostered  in  a  healthy 
economic  environment  and  by  .trade  policies  that  provide  expan- 
ding market  opportunities  for  our  technology  and  basic  manufac- 
turing companies.  Promoting  such  an^vironment  should  be  a 
primary  policy  objective  of  the  United  States. 

It  is  to  that* goal  that  this  Agenda  for  U.S.  Technological  Leader- 
ship and  Industrial  Competitiveness  is  dedicated. 


More  information  about  the  Republican  Task  Force 
on  High  Technology  Initiatives  may  be  obtained  from: 


Hon.  Ed  Zschau  ' 
429  Cannon  House  Office  Building 
Washington,  D.C.  20515 
Attn:  Jim  LeMunyon 

(202)  225-5411 
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Mr.  ZpcHAU.  Essentially  the  eoqpept  is,  in  answer  to  the  question 
*What  is  the  proper  roll  of  government?"  to  say:  Rather  than 
asking  government  to  decHje  where  the  opportunities  are— that  is, 
targeting  on  certain  industries  or  technologies  or  companies  or 
processes— to  target  on  the  process  by  which  thafcfdevelop-^the 
"process  of  innovation.  That  is,  to  create  in  this  country  an  environ- 
ment in  which  new  ideas,  technological  advances,  new  companies- 
are  likely  to  flourish. 

We  have  identified  in.  this  booklet  four  prerequisites  for  such  an 
environment:  a  commitment  to  basic  research,  incentives  for  risk- 
^  taking,  an  adequate  supply  of  trained  technical  people— which 
speaks  to  our  education  ftystygp,  and  ample  market  opportunities. 
Without  going  into  the  details,  let  me  just  say  that  it  is  our  feeling 
that  rather  than  setting  up  new  organisations,  what*we  should  be 
doing  is  analyzing  our  various  policies— our  regulatory  policies,  tax 
policies,  education  policies,  research  policies,  fiscal  monetary  poli- 
cies, trade  policies — and  ask  ourselves:  Are  those  policies  stimula- 
tive to  the  prerequisites  for  this  environment  for  innovation,  or  are 
they  detrimental,  are  they  counterproductive? 
\        Trten,  those  of  us  in  the  legislative  body  or  those  of  lis  in  the  Ad- 
,   ministration  should  alter  thqlse  policies  under  our  jurisdiction  in 
order  to  enhance  this  environment  for  innovation. 

Let  me  just  give  you  a  specific  example.  Back  in  the  1970's,  ven- 
ture capital  was  very  scarce*  A  lot  of  companies,  including  my  own, 
were  either  not  getting  ftinfled,  they  were  scraping  by  undercapita- 
lized or,  worse  yet— and  this  includes  mine— were  going  over  to, 
Japan,  selling  our  technology  in  order  to  get  money  jifst  to  meet 
the  payroll.  The  amount  of  ventyre  capital  available  per  year  at 
"  that  time  in  the  mid-1970^  was  about  $50  million  per  year. 

In  1978,  the  late  Congressman  Bill  Steiger  led  a  charge,  if  you 
will,  in*  the  U.S.  Congress  to  reduce  the  tax  on  capital  gains. 
Within  18  months  after  the  tax  was  reduced  from  nearly  a  50-per- 
cent maximum  rate  to  28  percent  maximum  irate,  $1  billion  of  new 
venture  capital  became  available.  Every  year  since  then,  it  has 
been  over  ill  billion  of  new  capital.  Last  year,  $4.2  billioji  of  ven- 
ture capital  was  made  available.  We  went  from  $50  million  a  yepr 
dHringthe  1970's,  when  the  tax  rate  was  high,fto  $4.2  billion  last 
year.  The  treasury  has  collected  more  money  in  capital  gains  tax 
revenues  than  at  that  time,  I  might  just  add. 

The  reason  I  use  that  example  is,  we  could  (have  said,  "Gee,  we 
have  a  capital  shortage  in  this  country.  What  we  ought  to  dft  is  set 
up  some  sort  of  a  government  agency,  fund  it  with  capital,  and 
*  have  it  allocate  that  money  to  promising  ideas/'  But  rather  than 
doing  that,  we  said,  "What  we  have  to  do  is  create  an  environment 
in  which  the  private  sector  will  be  stimulated  to  invest."  That  has 
had  a  far  more  dramatic  impact  oil  young  companies  than  the 
;  other  approach  would  have. 
,    In  conclusion,  Mr.  Chairman,  let  me  just  say  this.  I  think  the 
debate  on.  this  issue  boils  down  to  a  basic  question:  Who  is  responsi- 
ble, who  is  most  capable  for  creating  jobs  in  this  country,  for  ad- 
vancing technology  to  this  country,  for  enhancing  economic 
growth?  There  are  soma  who  say,  it  is  the  Government,  Goverri- 
1       ment  is  responsible,  Government  is  more  capable,  and  what  we 
have  to  do  is  properly  organize  ft,  1  would  say  tihat  it  is  the  individ- 

*  *  A 


uuIh,  the  Hob  Noyces,  the  John  Youngs,  the  William  Shockleys,  and 
the  |>eople  who  have  created  our  technological  innovations  in  the 
pant  * 

Those  who  say  Government  is  responsible  and  most  capable  often 
cite  the  Japanese  example  and  say  what  we  have  in  Japan  is  an 
example  of  MITI,  which  is  doing  some  targeting  in  the  Japanese 
market.  I  would  just  like  to  point  out  hQw  ironic  it  would  be  if  we 
followed  the  Japanese  modej  at  this  point,  in  the  light  oLthe  recent 
remarks  by  the  dean  of  Tokyo's  Namuro  School  of  Advanced  Man- 
agement. He  said,  "We  are  in  an  era  of  rapid  change.  Large  organi- 
zations cannot  move  quickly  enough.  We  must  find  our)  model 
among  the  entrepreneurs  like  those  in  Silicon  Valley."  r 

So  I  guess  J  would  conclude  by  saying  that  fostering  technologi- 
cal innovation  requires  faith.  Some  people  put  their  faith  in  gov- 
ernment. I  feel  thqMwg  should  put  our  faith  in  the  individuals.  I 
am  betting  on  the  BfiviHuals,  and  I  think  that  we  in  government' 
Should  do  all  we  ctfff  to  create  an  environment  in  this  country  in 
which  t.hose  individuals  can  do  in  the  future  the  job  they  have  done 
so  well  in  the  past. 

Thank  you  very  much,  Mr.  Chairman. 

Mr.  Lundink.  There  is  a  vote  on  the  House  floor.  Unless  Mem- 
bers feel  as  though  thev  need  time  for  extensive  questioning,  and  I 
will  reconvene  if  you  feel  you  do,  I  think  we  will  take  questions, 
since  we  have  not  heard  that  second  bell  yet— until  the  time  that 
we  have  to  go  over  to  vote  and  then  conclude.  Our  other  witness  is 
ill  and  will  not  be  present  today. 

Mr.  (Jregg. 

Mr.  Gkkoc;.  f  would  just  like  to  say  that  I  have  heard  the  talk  a 
few  times  now,  and  it  is  just  so  refreshing  to  have  somebody  in 
Congress  who  understands  this  issue  and  who  has  credibility  on  the 
issue.  It  is  a  pleasure  to  have  Ed  make  his  point  again,  which  I  am 
100  percent  in  agreement  with  and  wish  I  could  make  as  well  he 
does. 

Mr.  Lundink.  Mr.  Ritter. 

Mr.  Rittkr.  I  would  just  like  to  thank  my  colleague  on  the  task 
force  for  summarizing  and  providing  the  kind  of  insight  which  I 
think  we  must  take  very  seriously.  We  have  a  chance  to  create  the 
,  right  climate,,  as  opposed  to  creating  a  new  agency.  We  should  go 
ahead  and  try  to  create  that  climate. 

Mr.  Lundink.  Just  to  set  the1  record  straight,  you  are  not  suggest- 
ing that  there  are  no  problems  in  this  area,  or  that  investment  is 
adequate  as  a  result  of  the  tax  changes  that  have  been  made?  I  do 
not  think  I  am  interpreting  you  wrong.  You  .are  ndt  making  that 
conclusion? 

Mr.  Zscmau.  No;  I  am  not  sayiVig  that  we  are  doing  the  best  that , 
we  raru'1  think  it  Ms  indicative1,  however,  of  how  v/e  sometimes 
shoot  ourselves  in  the  (out.  At  the  very, time  that  we  have  an  enor- 
mous trade  deficit  and  a  deficit  in  electronics  products  for  the  first 
time,  the1  only  trade1  legislation  moving  through  the  Congress  at 
this  time  is  the  Kxport  Administration  Act,  designed  to  restrict  ex- 
ports of  high-technology  products.  No,  we  can  do  better.  We  can  do 
better  in  investment,  in  education,  in  b^sic  research,  in  trade  and 
so  forth.  Hut  I  feel  that  we  can  do  betterlty  rationalizing  govern- 
ment policies  U)  support  this  environment  for  innovation. 


r 


Mr.  Uindink.  You  pointed  out  that  partially  through  <!ie  stimu- 
lation of  changes  in  the  capital  gains 'tax  there  did  come  an  in- 
crease in  the  amount  of  venture  capftal,  but  you  also  recognize  that 
our  debt-equity  ratios  are  not  desirable  from  the  standpoint  of 
some  of  our  competitors,  do  you  not?  * 

Mr.  Zhchau.  Yes.  We  have  a  banking  system  and  an  attitude 
toward  debt  in  this  country  that  leaves  us  with  much 'Smaller  debt- 
to-equity  ratios  and,  as  a  result,  a  higher  cost  of  capital.  But,  Mr. 
Chairman,  I  have  not  concluded  that  we  should  necessarily  change 
that.  I  ha^e  not  concluded  that  we  should  try  to  emulate,  for  exam- 
ple, the  Japanese  model  of  much  higher  debt-to-equity  ratios.  But 
you  are  absolutely  right,  that  ours-are  smaller  than  those  in  Japan. 

Mr.  Lundine.  Again,  you  have  stimulated  a  lot  of  other  thoughts 
and  questions.  We  thank  you  very  much  for  your  testimony. 

I  would  like  to  ask  that  the  testimony  of  Representatives  Charles 
Pashayan  and  George  Brown  of  California  be,  entered  into  the 
record. .  1 

[The  prepared  statements  of  Representatives  Charles  Pashayan, 
Jr.,  and  George  E.  Brown,  Jr.,  follow:] 
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STATEMENT  OF  REP.  CHARLtS  PASHAYAN,  JK. ,  ON  H.R,  2525,  BEFORE  THE 
SUBCOMMITTEE  ON  SCIENCE,  RESEARCH  AND  TECHNOLOGY,  JUNE  7,   1984.  • 

Mr.  Chalrean,  1  appraciata  thia  opportunity  to  sp«ak  bofora  your 
Subcomaittea  on  H.R.  2525,  legislation  thnt  I  hnve  introduced  which 
would  aatdbllah  a  bi-partiaan  National  Conmlaalon  on  Technological  ' 
innovation  and  Industrial  Modernist  ton  4 


Why  do.  we  need  a  Commission  to  examine  Federal  laws,  regulations 
and  policies  that  impact  on  Industrial  modernisation  and^nt.repreneurlal 
innovation?    Why  la  it  necessary  ^^1^8  Conunisnlon^tXake 
recommendation*  for  changes  In  these  laws,  regulations  and  policies  so 
.  that  0ur  ln'dvatW**  can  compete  more  effectively? 


r        The  United  States,  along  with  the  ent ire  industrial  world,  Is 

experiencing  a  fundamental jchange  that  affects  the  way  labor,  materials, 

capital,  and  production  are  used.    The  result  has  been  that  certain 

/  V'*'s » ■    '  •  % 
industries— the  BO-Salpri  smtytestack  .industries— are'  not  growing  and 

producing  and  compttty  as  once  they  did.    Other  indust  ries— the 

so-tailed  high  technology  industries— have  taken  the  lead  in  growth  In 

the  economy.    There*  are  profound  implication*  in  these  changes  in  the 

structure  of  our  economy,  not  only  ipr  the  iuture  of  this  country 

it*  global  reflations,  but  also  for  the"  individual  American  worker. 


and 
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Domestic  industries  operate  unMr  a  myriadNff  Federal  lavs, 


rar  a  myri 


regulations,  and  policies.    These  rui|e,^r  you  will,  have  a  dlracc 

I  J 

effect  on  what  ia  produced,  how  It  is  produced,  where  it  is  produced, 

tha  coat  of  the  product,  who  Is  employed  for  the  production*  the 
allocation  of  capital,  and  the  Invention  aad  promotion  of  new  products, 
Although  the  lawa/and  ragulationa  have  been  applied  by  the  Federal 
government  in,  an  attempt  to  satisfy  certain  policies,  to  discourage  « 
others,   t&  protect  the  environment,  or  to  conserve  Jobs,  many  times  the 
laws  and  ' regulations  are  counterproductive,  '  The  effect  is  more  apparent 
in  Industry  and  commerce, 

But  s6mc  of ,  these  are  ao  extensive  that  they  affect  agriculture, 
onoe  one  of  this  nation1*  leaders  in  our  overall  balance  of  trade.  To 

Y 

many  thla  may  not'  be  obvious ,  but  it  is  becoming  irore  and  more  to  the 
*  forefront  as  agriculture  faces  the  same  problems  of  Job  displacement ,  ■ 
and  the  loss  of  foreign  oAkets.    For  example,  Congress  long  ago  ruled 
trrot  <Jalry  products  should  Ka  supported  by  tA>:  dollars,    When  that  cash 
transfer  became  attractive,  legitimate  dairymen  and  investors  rushed  in 
and  produced  a  surplus ,  which  some  (jave  qaKcd  obscene,     At  the  a^re 
time,  when  We  should  rationally  believe  that  we  could  sell  the  surplus 
of  dairy  products,  we  find  thar^Ce  can  only  give  it  away.    That  which 
'    the  Federal  government  has,  purchased  is  unsalable  on  the  world  market 
because  we  hawe  overvalued'  it  for  international  markets, 

'4 

In  other  instances,  trfe  rules  are  outdated.    For  example,  again 

.looking  at  agriculture*  we  stiy  hold  to  a  praise  that  an  imported 

A 

product  will  not  be  harmful ^unless  domestic  producer*  can  prove 
*  ^ 


i 


SO:"*': 
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»  otharviaa.    l  par.gnally  feel  rt.f  the,  who  would.  Import  product.,  to 
thia.  country  under  the  Generalised  Syatem  of  Preferences  or  other 
r.vorabU  tr«d.  proviaion  ehould  have  to  prove  that 'their  acceas  to  our 
market,  .hall  not  aeverely  damage  domestic  producers.    Dairy  products 
remain  as  an  example  of  this  particular  cvist  na  veil.,    H.R.'  2525 
^*ug«.st.  that  the  Commission .  as  a  part  of  its  overall,  mandate,  propose 
recordations  on  both  promoting  exports  and  .responding  to  the  various 
targeting  policies  of  foreign  governments,  that  discourage  us  from 
eyorYlng  to  them,  a  form  of  reciprocity. 

♦ 

The  result  of  conflicting  and  outmoded  Federal  guidelines  that 
Industry  must  adhere  to  Is  felt  by  all  Americans -when  we  pay  ^re  money 
for  products,  whenjoba  are  lost,  when  new  products  cannot  be  ,  "' 
manufactured,  when  investment "capital  cannot  be< found  to  finance  new 
/products  and|  inventions,  vhen  we  lose  .foreign  and  domestic  market,  to 
foreign  competition,  or  when  our  workers  are  not  trained  or  educated  for 

I  ^  the  jobs  that  do  exist.»  ^ometlmes'policlca.  Iowa,  and  rule,  will  work. 
But  it' seems  more  by  accident  than  design.     Again  drawing  on  the 
unapparent.  agriculture,  It  waa^Just  a  little  more  than  a  deedde  ago 
when  a  handful  of  innovators  risked  some  capital  and  expertise  \o 

,    develop  o  domestic  pistachio^ nut  industry  and  to  establish  the  kiwi  as  a 

new  flem  on.  the  grocers  shelf.    California's  pistachio  investment  did 

V 

■  n*t  Tail.    When  all  trade  with  Iran  was  halted  in  1980,  a  Aomestic 
source  was  ready  and  available.    A  new  Industry  was  bornN*The  same  can 
be  said  of  kiwi,  which  was  unh«ar<J  of  five  ye.irs  ago.    Given  today1* 

^  «aimate,  i  doubt  that  cHhor  ni  these  commodities  rotiid  be  de^rfped  to 
the  extent-  that  they  are  today,  not  because  agriculture  is  stymrifol  or 
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•tutd>  bi/c  because  tax  lavs,  research  and  development  funding,  and 
certain  of  our  trade  policies,  would  discourage  it.    Today  provisions  in 
t\%  Internal  Revenue  Coda  discourage  sufficient  capital  from  flowing  to 
agricultural  venturea.    Reaearch  is  either  private  sector  or  Federal, 
rarely  Joint,  and  therefore  lass  ofa  cooperative  nature,    The  trade 
policies  that  emerged  from  the  Trade  Retort*  At t  of  1974  encourage  Third 

...  '     *  c 

World  agricultural  development  and  thereby  discouraged  the  American 
*' 

farmer  from  producing  enough  to  export.    This  ia  evident  even  when 
agricultural  commodity  groups  pursue  questions  of  unfair  subsidies  and 
quota  altera*  before  the  General  Agreement  on  Tariff  and  Trade,  the 
international  referee  of  export  and  import  problems.    Just'  recently  an  . 
AdniiTist  ration  official  stated  that  We  should  begin  to  look  at.  the  nqxt 

yround  of  international  trade  negotiations,  but  only  after  the  so-calLed 
Tokyo  round  is  complete.  I  concur,  but--and  I  have  suggested  this  in  a 
letter  to  the  President— I  feel  that  the  business  community,  labor,  and 

,  academla  should  be  asked  now  to  look  at  trade  problems  in  a  *  " 

comprehensive  mtinner.     Indeed,  how  can  wo  fashion  meaningful  legislation 

directing  a  new  round  of  trade  negotiations  if  we  do  not  have  a 

f        .  \ 

benchmark  from  which  to  improve?   '  I  feel  we  should  be  planning^ to^  allow 

\  - 

the  successes  like  pistachios  and  kiwi  to  occur,  rather  than  accepting 

* 

them  as  happenstance.  ^ 

u         ...  • 

*»-     %  t 
/^believe  that  a  e'omprehens  ivc  review  of  the  whole  relationship 
between  Federal  laws  and* regulat ions  on  rjte  o^e  hand  and  industrial  and 
agricultural  development  and  progress  on  th*  other,  is  necessary  to 
determine  how  the  former  are  retarding  the  latter.'  How  can  the 
government's,  guidelines  be  changed  so  that  tho  entrepreneurial  spirit;  1 


find  innovative  processes  sre  encouraged,  not  sUfled?    We  cannot  hove 
the  tart  code  that;  discourages  investments,  or  CongrusB's  infusing  hinds 
into^prbgrame  that  creat*  artificial  surpluses,  or  trade  conditions 
<l  thwarting  the  business  comrounlt^y '  a  ability  to  sell  that  surplus.  But 
;*■  becanas  our  aconomy  ia  bastion  tha  freo  market*  \  do  not  beli*ya  that 
tha  F/ideritl  govarnmant  should,  be^n  tha  business  of  determining  what 
Industries  should  be  winners  and  what  irxdrtu tries  should  be  losers,  This 
^\^j*r<$c£ss  occura  through 'the  dynamics  of  the  economy  itself. 

This  than  is  the  mandate  of  tha  Commission  as  prescribed  in*H.H. 
2525.    The  Commission  would  bo  charged  with  locking  at  specific  areas  * 
such  as  tax  laws,  support  and  funding  for  J)osic  rosfcnrch  and 
developments  technical  education  lit  tha  primary;  secondary,  and 
post secondary  level,  and  trade  promotion  policies. 


The  Commission  would  be,  made  up  of  individuals  from  manufacturing 
s  s^ 

end  agri-business,  labor,  snHfcfiademla,    The'  21  members  would  be 
appointed  by  the  President,  thl^peakef  of  the  House,  and  th*  President 
cvf  the  Senate.     It  would 'Include  2  Members  of  both  Houses  of  Congress, 
from  the  talnorlty  and  majority  parties,    they  would  ^e  required  to 
.report  their  findings  to  the  President  and  the  Congress.  , 

As"  a  Member  of  the  steering  committee  of,  the£Republican  Task  Force 

*  * 

on  High  Technology  Initiatives,  1  hnve  been  involved  in  formulating  a 
legislative  agenda  that  describes  what  Gongre**  con  and  should  do  to 
foster  the  economic  climate  in  which.  Innovation  Is  rewarded  and. 
Industrie  competitiveness  is  nxinnoc^d .  .  *Whi)e  a  Nat ional  Commission  is 
%  nofc 'part'  of  the  Tank  Force's  Agenda  »*.!  Believe  that  it^  could  provide  the 
forum  from  wtfich  we  cou^d  continue  to  monitor  the  laws ;  ;tegu  1st  ions ,  and 
policies  that  ifltfedi  or  promote  economic  growth,  now  and  iSt  ttrt  future* 
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"tatement  of  Congressman  GeoVge  E.  Brown,  Jr9 
Before  the  Subcommittee  on  Science,  Research,  end  Technology 
Houee  Committee  on  Science  end  Technology 

»■  » 

Bearing  on  Federal^Agganlzation  for  Technological  Innovation 

i       \ '  . 

June  7,  1984 

Mr.  Chairman,  thank*ou  for  t^je  opportunity  to  testify 
before  you  today  as  yqu  start  your  aeries  of  heatings  on  federal 
organisation  for  technological  innovation.    I  would  also  like  to 
express  my  appreciation  to  my  colleagues,  Mr,  Fuqua,  Mr,  LaPalce, 
Mr,  Paehayan,  Mr,  Zschau,  and. Mr.  Gorton  for  their  continued 
leadership  and  legislative  contributions  in  this  area.    I  hope 
that  this  hearing  will  show  that  although  we  nay  eactt-  'held 
dif ferentideas  concerning  the  role  of  the  federal  government  in 
h  technological  innovation,  there  exist  many  commonalities  in  our 
individual  legislative  approaches;* 

We  hjve  witnessed  a  decline  in  innovation  and  productivity* 
over *the  last  15  <to  2k  years  which  has  contributed  to  the  decline 
in  economic  growth.    The  problems  appear  to  be  structural  in 
nature  rather  than  cyclical.    They  have  plagued  the  economy  for 
more  than  a  decade  through  periods  of  both  recession  and 
expansion.    The  agriculture,  iteel,  autor.obUe,  housing,  and 
other  industries  %ve  experienced  modest  improvements,  bupNtising 
interest  rates  jeopardise  their  tenuous  recoveries. 


80. 

>'VWe  hdve  strayed  off  the  course  of  economic  growtn  and 
tfrosptority  not"  because  of  the  inherent  superiority  of  foreign 
competition,  or  for  a  lack  o|  the  basic  research,  that  provides 

the  foundation  for  innovative  technologies.,,  dur  government 

i  •  * 

•  supplies  more  than  50  percent  of"  America's  Scientific  and 

Industrial  rer.earcfe  and  development  funds,  compared  to 

30  percent  in  Japan,     Inventions  stemming   from     u.s.  research 
laboratories  f requently-.end  up  as  successful  products 
manufactured  and  marketed  by  foreign  competition. 

What  often  distinguishes  economic^  today  is  not  the~~~ 
development  of  a  new  technology,  but  the  country  which 
.  successfully  transfers  a  nfew  technology  to  the  marketplace  as  a 
usable  product  or  service.     Thip  is  not  due  entirely  to  the 
exportation  of  U.S.  technology  to  other  nations.    We  as  a  nation 
must  take  cesponsiblity  for  neglecting  to  focus  efforts  on  the 
transfer  of  technology  to  the  marketplace,     U#8,  research  has 
•tressed  basic  science  while  neglecting4 tty  development  of 
.technologies,    'fit  example,  ivela^ive^y  large  Investments  are  made 
in  #be  development  of  robots  with  vision  and  vocal  system*,  while 

*  we  still  need  to  improve  the  basic  ability  oj  robots  to  grip 
objects.  ■** 

•3 

U.S,  management  must  change  if  we  hope  to  maintain  world 
lndiintrjal  leadership.     Many  corporations' are  emphasising 
"takeover  fever"  and  "paper  eiitrepreheurialismH  to  impress 
investors  with  short-term  profits.    This  has  replaced  long-term 
investments  in  innovative  automated  manufacturing  systems, 
.  quality  control,  and  productivity,    A  climate  conducive  tp 
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unact  protiictionict  legislation,  such  asJiiR,  1  234,  the* 


innovation  and  p induct  i  vlly  must  be?  nurtured  befor,e  we  are' forced 

to 


Domestic  Content;  bill  that  passed  the  Mouse  last  year. 

The  development  and  commercial  exploitation  of  new 

technologies'arc  crftlcal  to  any  comprehensive  economic  program 

which  is  based  on  rebuilding  and  revitalizing  the  American 

economy.     However,  we  are  locked  in  an  innovation  rn1 1  i 

tug-of-war,.  while  foreign  marketB  pull  ahead.     Many  envision  the 

I 

•private  oector  as  carrying  the  lion's  share  of  the  responsibility 
for  competition  in  thtlnternational  marketplace.  Others 


prefi^r  Ibo  a  larger  yojpf^ment  cole  in  the  determination  of 
I 

industrial  policy. 

Neither  of  the  extremes  stated  above  represents  a 
Matlfif actocy  solution  although  there  exist  are.as  of  overlap 
between  the  two  approaches.     Those  common  approaches  include 
emphasUs  on  Improvements  in.manpower  a^fi  1  abil  1  ty ,  chang^in  %a% 
policy,  anti-trust  and  patent  policy  adjustments,  R&D  invostmentV 
Incentives,  and  others.     These  initiatives  differ,  however,  in 
the  degree  of    federal  government  involvement,  s 

f 

Regardless  of  how  much  is  invested  in  research,  few  > 
hiifchnpflseB  or  governments  will  succeed  without  serious  long-term 
strut. fig IV:  planning,     For*  example,  N(£A  is  one  of  the  jjest  RfcD 
centers  in  the^forld,  but  has  had  only  limited  success  in  moving 
pfcD  Into  the  marketplace.    This  is  because  we  still  have  no  -  ' 
policy,  no  plan,  and  no  go*l  for  space  commercialisation. 
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Innovation  policies  are  administered  in  An  ad-hoo  and^ 
uncoordinated  fashion  through  nine  different  federal  agencies, 
Tht  700  government  research  laboratories  lack  well  defined  goals. 
The  Office  of  Productivity,  technology  and  Innovation  which  ! 
should  be  taking  a  leadership  role  is  understaffed  and  housed  in  f 
an  agency  with  other  priorities.    And  while  I  was  pleased  to  see 
the  "tech"  centers  mandated  by  the  Stevenson-Wydler  Act,  which 
were  cut  by  the  Administration,  resurface  as  interdisciplinary 
engineering  caters  in  the  National  Science  Foundation,  progress 
in  implementation  of  the  goals  of  this  Act  has  been  f rustratingly 
slow.    Congress  has  similar  leadership  problems  in  contending  ^ 
with  the  confusing  network  of  subcommjtee  jurisdictions, 

1  have  introduced  two  bills  with  the  aim  of  focusing 
Congressional  attention  on  ways  of  providing  concerted  strategic 
long-term  planning  and  coordination  for  technology  development* 
One  of  these,  the  Economically  Strategic  Industrial  R&D  Act 
( H ,  R  ♦  1243/8,426)  would*  authorise  a  study  to  be  conducted  by'  the 
National  ^Academies  of  Science  and  Engineering  to  examine  emerging 
technologies^  order  to  determine  their  potential  for  commercial  % 
exploitation.    The  study  would  thus  help  to  identify  ^romising^ 
or  ■strategic"  technologies  and  a  development  plan  for  these 
would  be  presented  to  the  Prudent  and  to  the  Cortgres*, 

My  proposal  for  the  establishment  of  an  independent  federal 
technology  foundation,  Called  the  Nationai  Technology  Foundation 
I NTF /Tr.Tfc- 4jBl )  vould  serve  to  focus  the  nation1*  technology 
development.    The  |itf  would  consolidate,  in  a  single  agency, 
technology- related  programs  which  fcre  currently  scattered 
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throughout  tht  Department  of  Commerce  and  theNational  Science 
Foundation,    In  their  current  htfe#s,  these  programs  are 
fragmented  and  do  not  provide  a  sufficient  focui  to  help  develop 
a  national  economy  in  which  innovation  can  thrive. 

It  is  my  belief  that  the  legislation  I  am  suggesting  can,  by 
more  clearly  focusinq    existing  resources  and  authorities, . and 
with  very  little  additional  funding  or  authority,  begin  to 
restore  pur  leadership  in  the  global  productivity  competition, 
.These  initiatives  might  also  help  define  a  clear  leadership  role 

Sf 

for  the  government  in  enunciating  national  goals  and  policies. 
This  could  be  accomplished  without  .     curtailing  the  d$*namios  of 
foarktt-oriented  planning  by  the  private  sector,  I 


Thank  you,  Mr*  Chairman* 


8il 
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,  SliMKARY  OF  BILLS  THAT  ARE  TO  81  THf  SUBJECT  OF  HEARINGS  BEFORE  Tllfei 

4ft     SUBCOMMITTEE  ON  SCIENCE,  RESEARCHED  TECHNOLOGY 
COMMITTEE  ON  SCIENCE  AND  TECHNOLOGY 
U.S.  HOU8E  OF  WPRESBNTATXVBS 

JUNK  7  and  JUNE  12  -  14,  1984 


SIX  BILLS  IN  THE  96th  CONGRESS  ADDRESSING 
DIRECT  FBDBRAt  8 UP PORT  OF  INDUSTRIAL  INNOVATION  ' 

Jttli 

New^gepjCies  Focused  on  Direct  Support  of  Technology  2 

H.R.  481      National  Technology  foundation  Act*    «   2 

(G.j  Brown,  iNil.) 

II. R.  4361    Advanced  Technology  Foundation  Act  4 

^  (LaFelc^e,  at  al. ) 

N«w  Programs  Focused  on  Specific  Areas  and  Using  Existing  Apeiycies \,  .  . ,  6 

H.R.  4047    Robotic*  and  >Aut omatad  Manufacturing  Systems 

Kesesrch  and  Education  Act  «   «.6 

(Fuqua.  at  al . )  .  -a 

H.R.  441)  /  S.  1166    The  Manufacturing  8ci«ncea  and  Tachnology 

Research  and  Development  Act..-.  ...A, 8 

(Fuqua  /  Gorton,  et  al . ) 

Strategic  £tudles  of  Technological  laauaa  •  ,  . . .  .  .9 

H.R.  1243  /  S.  428    Economically  Strategic  Industrial  (16D  Act .........  9 

(G.  Brolm  /  Taongaa,  et  al.) 

t         »  , 

kH.K.  2525    National  Comaisaion  on  Technologicel  Innovation.        *  • 

and  Industrial"  Modernisation  10 

(Pashayan) 

I 


(NOTE:    These  sumrasriasl  ate  extracted  from  a  report  of  the  Congreee ional  v 
Research  Service  entltlltd,  "Direct  Federal  Support  for  Technological 
Innovation:  Issues  and  T)pt ions" ,  by  Christopher  T.  Hill  and  Wendy  H.  Schacht, 
Miy  31,  1984.) 


NEW  AGENCIES  gOCUSEP  ON  DIRECT  SUPPORT  OP  TKCHNOLOCY 
H.R.JDI^  Tli e  N^io^ni^l JTtch  n£l  oj{£  Po£nd^«£i£n_A£t _ 

(0.  Brown,  et  el.)  j  ^ 

This  Act  would  eatabllah  A  naw  independent  federel  fgancy  /  the 
National  Technology  Foundation  (NTP),  which  would,  "...promote  the  advance 
of  technology,  technological  innovat ion,  technology  utilisation,  and  the 
aupply  of  technological  Manpower ?f or  the  improvement  of  the  economic, 
environmental,  and  eociel  well-being  of  the  United  States. M 
|    a     NTP  would  include  eeverel  entirely  new  pVogram  offices  in  addition 
to  a  number  of  offices  and/or  authorltiee  thet  would  be  tff#nsfered  to 
it  from  the  National  8cience  Foundation  and  the  Department  of  Commerce. 
,.Th«  NTP  would  be  governed  by  e  National  Technology  Board  and  a  Director; 
e  structure,  that  le  cloeely  modeled  efter  thet  of  the  existing  National 
Science  Foundation.     It  would  have  a  budget  of  9480  million  in  its  first 

:  /- 

year  of  exiatence,  rialng  to  $875  million  by  the  third  year* 

The  nevlyrcreeted         ces  would  include  an  Office  of  Small  Business,  * 
an  Office  Of  'institutional  and  Manpower  Development,  en  Office  oP 

u 

Tachnrrlogy  Policy  and  Analysis,  an  Office  o^f^  Intergovernmental  Technology, 

an  Off  ten  of  Engineering,  end  an 'Office  of  National  Programs. 

In  addition  to  these  new  offlcee,  the  Foundation  would  receive  from 

NSF  the  follqwing  pr.ograma:  "   1  '  ( 

Office  of  Small  Busineaa  Raaeerch  and  Development 
Directorate  for  Engineering 

Division  of  Industriel  Science  and  Technological  Innovation 
intergovernmental  Program!  Section. 

Prom  the, Department  of  Commerce,  the  NTP  would  receive  the  Colidwlng  programa: 

*  JsP 

Naejttflhal  SMreau  of  Standards 

Patent  and  Trademark  Office!  * 

NaMorial  Technical  Information  Service 

off^e  of  Industrial  Technology 

Canter  >f  or  the  Utilisation  of  Federal  Technology. 
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In  addition  to  thaea  tranefare  of  tptcific  progre»e  and  aganoiae,  th«  NTT 

would  be  givan  all  thi  functione,  povere,  dutlat>  tnd  authoritiat  of  tha 

t 

National  Bciance  Foundation  tnd  of  tht  Secretary  of  Coaaerca  undar  tht 
St#veneo.n~Vydler  Technology  Innovation  Act  of  1980, 

„  Thia  bill  tokee  a  <cowprahena  iva  approach  to  tht  rtttructuring  tnd 
ttrtngthtning  of  Federal prograve  for  tht  dirtct  tupport  of  Industrial 
ttchnology  tnd  Innovation.    A  ooaplttt  ■ numeration  of  tht  NTF'a  prograwa 
tod  povtrt  would  rtquirt  aevaral  pages.    It  Would  bt  tblt  to  award  grants 
tnd  contracts  to  both  non-profit  tnd  prof it -making  Inet itut iont ,  as  wall 
at  to  individuals  in  iom  cases,  for  tht  support  of  gtntric  raaaarch, 
ttchnology  tranefer,  truest  ion  tnd  trainings  cooperative  induetry/unlvarelty 
raaaarch,  tnd  bttic  rttttrch  in  anglnaering.    It  would  providt  technical 
tttitttnct  to  email  butinttt  tnd  would  ttrvt  tt  a  ctnttr  for  information 
about  Fedaral  ectlvltae  eff acting  innovation.    It  would  collect  and 
anelysa  information  about  tha  compat It Iveneea  of  induatrlal  technology 
and  about  technical  manpower  naada .    It  would  halp  trgnefar  technology  * 

from  tha  Fadaral  laboratorita  to  induatry.    It  would  parforai  technology 

r 

aeeaeemonte  of  ama.rglng  tachno  logics ,  atudy  the  ralationahipa  of  technology 
to  economic  performance  of  tha  Hat  ion,  tnd  recommend  policy  initiatives 
to,  the  Praeidant  anf  Congreee  for  the  further  abpport  of  technological 
innovation.    In  addition,  of  course,  it  would  be  raaponaible  for  tha 
ongoing  activities  of^the  National  Bureau  of  Standards,  Patent  Office 
and  HTI8, 

Thla  Hat  of  the  main  functiona  of  the  National  Technology  Foundation 
proposal  doea  not  give  the  fujl  flavor  of  ita  potential  acope  of  activities 

The  language  of  tha  bill  prOVidaa  numeroui  opportunities  for  the  Board 

»  t 

and  Director,  if  fundad  by.  Con  grata,  tp  expand  tha  scope  of  its  program 
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ill  many  direct iona.    Haunt  tally,  the  Wtf  would  become  a  vlalble  focal 

point  for  tha  civilian  technology-eupjiOrt  actlvltlea  of  tha  Faderal 

government,  othar  than  thoaa  of  NAflA,  DOI,  and  tha  regulatory  aganciaa. 

Intaraatin^l^hoVa^ar,  tha  HTF  vould  ba  glvan  faw  formal  author it lee 

that  do  not  now  axiat  aomaplace  in  tha  Federal  Government.    In  thia 

eenee,  it  vould  not  aubatent leliy  expand  Federel  involvement  in  tha  privata 

aactor'a  Innovativa  activitiaa,  except  iniofar  aa  (1)  it  ativiaiona 

implement et Ion  of  cartaln  Steven* on-Vydler  Act  authoritiaa  that  are  not 

currently  being  carriad  out,  and  (2)  tha  aggregation  of  euch  actlvltee 

In  ona  Independent  agency  thet*would  have  no  concern  other  than  the 

aupport  of  civilian  technology  would  give  the  program*  new  tocue  end*  ' 

new  impact.    The  bulk  of  ita  budget  would  be  made  up  of  tranefere 

of  budget  authority  froai  program*  that  ere  elready  funded  et  levela 

envialoned  In  the  bill,  while  new  program*  would,  et  leeat  in  the  Inltie^ 

yeere,  receive  relatively  modaat  funding. 

Baceuae  the  NTF  propoael  ii  among  the  More  compreheneive  of  thoae 

a>)der  consideration  in  thia  report,,  and  beceuaa  it  hea  been  widely  diacuaaad 

over  the*  laat  eeveral  yeera^it  providea  a  convenient  baae  line  with 

wh£cHf to  compare  othar  propoeVle,  ea  will  be  done  in  aubaequent  paragraph*. 
» 

M . R .  4 36]^  _Tha_Aidv£n£Bd^  2«h^oUj^_FojJ£d£t io£  Ac t^ 

The  purpoaea  of  the  Advanced  Technology  Foundation  Act  are  to: 

"..♦facilitate  the  movement  of  baaic  acientlfic  concepta  into 
commercial  product*  or  proceaaaa,  anjl  eealet  in  the  diffuaion  of  new 
technology  to  Induatrlal  eectora  to  encourage  the  technological 
modernisation  of  American  induetry." 

The  Act  would  accomplish  thaaa  purpoaea  by  establishing  a  new  independent 

Federal  agency,  tha  Advanced  Technology  Foundation,  governed  by  a  Board 

and  a  Director  modaled  after  tha  structure  of  tha  National  8ciance  Foundation. 

•.  •.  t  . 

\  4     -  •  , 
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The  Advanesd  Technology  Foundatioh  (ATF)  would  U  authorised  to  JL 
provide  financial  aeaietance  through  grants,  contracts,  it  loan.,  as 
•ppropri.tr,  to  unlveraitiee,  industry  joint  R6D  ventures,  or  firms  for 
research  on  generic  technologies  or 'oAw^l^Joglti  likely  to  affect 
U.S..  intarnatlonai  competit iveneea.    In  addition,  tha  AT>>iul.d  Include  « 
Federal, Induetri.l  Exten.ion  Service  cherged  with  aupportlng thV 
application  of  aciantlflc  and  tachnoioglcal  innovation  in  induetry  through 
a  national  referral  eervice,  coordination  of  existing  atata  industrial 
extension  programs,  grant,  .nd  loana  for  .tata  extension  plana  and  •  ' 
programa,  and  development  of  sn  information  management  ayatam.    Ihe  ATP 
would  elsobs  empowered  to  avaluata  tha  atatua  and  naada  of  varioue 
Induetrlee  for  tH*  .development  and  commercialUat  ion  of  few  tachnologiaa. 

h:Vnlik*  th*  National  Technology  Foundation  Act  (H.R.  «6y) ,  thla  Act 
would  not  explicitly  tr.nefer  any  aviating  authoritiaa  to  tha  naw  agency. 
On  theother'band,  however,  aavaral  of  tH^aiiri  authoritiaa  of  the  bill 
are  quite  similar  to  authoritiaa  that  the  Department ^Commerce  now<haa 
undar  the  Stavan.pn-Wydlar  Act.    Tha  only  eub.tantially  different  authority 
poaaaaaed  by  tha  new  agency  would  ba  the  authority  to  engage  in  and 
iupport  induatrial  technology  extanaion  activitlee,  and  even  thia  power 
U  arguably  latent  in  the  Department  of  Commerce  under  the  State  Technlcel 
Servicee  Act  of  1965.      Funding  for  tha  ATF  would  ba  authorlced  at  $50 
million  for  the  flrat  year  and  $130  million  for  auccaedlng  yeara. 

Thla  bill  le  akin  to  tha  National  Technology  Foundation  propoial 
(H.R.  4*1)  in  that  it  create!  a  new  agency  concerned  solely  with  induatrial  . 
technological  Innovation.    Thua(  it  re fleet,  the  aama  concern  /or  removing 
thane  authorities  from  eganciee  whose  primary  miaailna  lie  elsewhere,  and 
for  providing  a  focus  for  technology  in  the  Federal  /Government .    In  contrast 
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with  H.R.  481,  this  bill  avoids  the  political  and  implementation  problems 

associated  with  major  restructuring  of  existing  executive  branch  agencies 

i 

and  authorities.    As  a  consequence,  however,  the  bill  does  not  (l)  eddress 
the  problems  raised  by  en  apparent  overlap  of  some  of  the  ATF's  functions- 
with  existing  responsibilities  of  Gfie  Department  of  Commerce,  or  (2)  take 
full  edvantage  of  the  opportunity  to  create  a  significant  and  visible 
agency  by  Including  Important  existing  programs  now  in  NSF  end  DOC.  * 

NEW  PROGRAMS  FOCUSED  OH  SPfcCIFIC  ARK A 3  AND  USING  EXISTING  AGENCIES, 

H'JL'J^JL  _R£kotjics_  ejvd  Automated  Ma£u  f  a£t  ur jjij^  ~* 

~      j>7j^tejna_  RFs^eajcn^anT  ^u^a^T^n^XcT^  t  ■ 

(Fuqua,,  «t  al.) 

This  bill  would  provide  for  a  national  program  of  reseat1^,  education 
and  technology  transfer  relevant  to  robotics  and  automated  manufacturing  by 
requiring  that  various  activities  in  the  National  Science  Foundation  and 
Department  ,Q^^*jmerce  be  focused  on  this  area  of  technology. 

Under  defying  authority  of  the  Steveneon-Wydler  Act  of  1980,  the 
Department  of  Commerce  would  be  directed  to  eetabliah  Centers  for  Induetrial 
Technology  focused  on  a  variety  of  aspects  of  robotics  and  automated  ^ 
manufacturing.    The  Act  also  authorises  a  budget  ear-marked  for  this  purpose. 
Such  centers  would  both  conduct  research  and  carry  ^on  technology  transfer  ^ 
activities  to  Industry  and  the  public  sector.    The  Cotftqeroe  Department 
would  also,  be  directed  to  plbmote  R&D  limited  partnerships^  in  the  area  of 
robotics  and  automated  manufacturing. 

Also,  the  National  Bureau  of  Standards  would  be  directed  to  establish 
a  Federal  Research  Center  on  Robotics  end  Automated  Manufacturing  which 
would  do  R&ft  on  (1)  measurements  and  standards  related  to  robotics  and 
automated  manufacturing,  andl*{?)  systems'  Integret ion,  reliability  and  performance. 
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The  National  Science  Foundation  ifpuld  be  euthorised  by  the  bill  to 
eupport  education  and  treeing  for  eclentlete,  englneere,  end  technicians 
in  robot ica  and  automated  manufacturing*  including  fundi  for  graduate, 
undergreduate,  and  post-doctoral  eeeletance;  equipment;  sffd  curriculum 
davelopment . 

Finelly,  the  National  Reeearch  Council  of  the  National  Academies  of 
'v   ,  Science  and  Engineering  would  be  directed  to  eatabliah  a  National  Robotica 
and  Automated  Manufacturing  Syatema  Prorata  Review  Board  to  review  all 
eepecta  of  Federal  involvement  with  Robotica  and  automated  manufacturing 
ays  teats,  report  ite  finding,  end  make  recommendatione  regarding  euch 
Federal  involvement. 

At  a  conceptuel  level,  thia  bill  repreaente  a  focusing  of  national 
efforts  on  one  important  area  of  industrial  technology:  robotica  and 
automated  manufacturing*    it  builde  on  ealstlng  authorities  pf  the  NSP 
and  Depertment  of  Coiwrci,  and  ita  only  new  actlvltfee  era  the^DS 
Reaeerch  Center' and  the  NRC  Board.    From  anothar  parepective,  thia  bill 
would  do  for  robotica  and  automated  manufacturing  what  the  National 
Technology  Foundation  proposed  in  H.R.  481  Would  do  for  civiMn  industrial 
-  technology  in  generel.    The  bill  ia  alao  aimilar  in  concept  and  function 
to  H.R.  4415/S.  1286,  The  Manufacturing  Sciences  and  Technology  R&D  Act. 

Thia  bill  would  eatabliah  a  eubatantlal  focuaed  program  in  budgetery 
terme,  with  a  first  year  authorisation  of  $37.25  million,  rising  to 
$72.2)  million  in  the  eightn  year. 
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-  -  ~  ~      ~  ~  ^^^^j^M^J^s}2yptitJis}^ 

(Fuqua  /  Gorton,  et  al«) 

(Ttili  dlicvaaion  it  bind  on  tht  bll'u       Introducad  and  dots  not 
raflact  MCint  action  on  8,  1286  In  tht  San^a  Cotwlttaa  o;i  Comitci, 
Sclanct  and  Transportation.) 

ThU  Act  it  Intendid  to     ,  ,aatabllah  a  program  for  conducting 
rtaaarch  which  will  produce  Mora  a*f Iclant  manufacturing  tachnologlaa  and 
for  conducting  riiiarch  utlllittlon  activity  to  ancouraga  wldaapraad 
adoption  of  thaia  tachnologlat «"  ' 

Tha  Act  would  iuthorlii  tha  Offlca  of  tha  Aaalatant  Sacratary  of  ^ 
Coaaaarca  for  Productivity,  Tachnology  and  Innovation  (OPTI)  to  fund,  through 
grant*  and  cooperative  agraamtnti,  bailc  and  appllad*rMtarch  on  manufacturing 
tachnologlM  In  unlvifiltlw,  non-profit  Institutions,  flrma.  Industry 
aaaociatlona,  and  othar  Institutions.    Ai  part  of  thla  authority,  OPTI 
could  fund  Cantars  for  Manufacturing  Rasaarch  and  Technology  Utlllaatlon 
through  consortia  ol  raaaarch  organisations ,  -anuf acturlng  I ndu.tr I.,  or 
fnduatry  assoclst Ions,    tha  Act  would  slso  authorlss  tha  Sscratary  of 
Comaarca  to  study  how  tha  utUUatlon  of  advancad  manufacturing  tachnology 
•can  bait  b«  anhancad  through  th.  ratralnlng  of  dl.placad  workar.,  to 
atudy  tha  tachnologlcal  compalltlvantss  of  ••lactad  Induatry  sactors, 
and  to  asttbllsh  a  Manufacturing  8cianc*i  and  Tachnology  Knhancamaivt 
Advlaory  Cotrilttsa.    It  would  authorlaa  up  to  $20  Million  U  tha  flr.t 
yaar,  rising  to  $67  million  In  tha  third  and  succaadlng  yf,ars,  and  la 
thut'nul"  similar  In  coat  to  H.R«  4047,  tha  robotics  bill, 

WhlU  It  differ.  In  c.rtaln  datalli,  thli  Act  would  .pacifically 
authorlka  OPTI  to  support  RaD  In  Manufacturing  ttchnologla.  u,slng  machanlsma 
that  ara  qulti  ilallir  to  thosa  alrasdy  authorl.ad  but  not  fundad  undar 
tha  Stavanson^Wydl.r  Act,    Similarly,  it.  main  RaD  gupptrt  provl.lona  ara 
/ 
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not  unlike  on»»  included  in  the  eubatantially  norre  coopreheneive  propoaed 
National  Technology  Foundation  Act  (H.R.  481)       Advanced  Technology     *  ^ 
IWIation  Act '(H.R.  4361)>    In  addition,  of  courae.  the  bllt'la  tlmltar 
in  tta  purpoaea  and  mechaniama  to  the  reaearch^eupport  portion*  of 
H.R^.    4047,  the  propoaed  Robot  ice  and  Automated  Manufacturing  Syatema 
Reaearch  and  "Education  Act.     The  detailed  differencee  do  raiae  important 
issues  of  scope,  progrftp  effectiveness  and  general  sccepcability (  but  in  * 
broad  outline  *ll^°f  these  approaches  are  quite  similar,  ^ 

.  WiC^,\«gard  to^oth  thi-s  bill  CH.R.  4415/  8.     1286)  and  the  robotics 

bip  (H.R,  4047)  one  important  question  to  bo  considered  is  whether 

r  « 

ther«,is  a'compeltlng  reason  to  limit  the  soope  of  such  programs  to 
manufacturing  technologies  alone,  or  whethtfr  it  makes  sense  to  expand 
the' scope  of  the  programs  to  encompass  product  and  service  technologies  j 
as  well,    this       a  particularly  salient  issue  sln*ce  it  is  otyen  ttnlv  a  * 
matter  of  perspective  as  to  whether  a  particular  technology ^suytfh  as  a. 
robot,  is  a  produoM  or  a  process  (manufacturing)  technology. 

^  ,      T  ... 

i  »  ■  » 

STRATEGIC  9TUDIES  OF /TECHNOLOGICAL  ISSUES 

i 

JV^Vh J^tP^  Rc o nom^c^l  lj/  S t r a t e^gj_c_l£d *s  trial^  R&D  Ac£ 
^        (G.     Brown  /  Tsongas,.  et  al.)  *  \ 

These  two  identical  bills  would  provide  for  a. study  on  economically 
strategic  technologies  in  order  to  identify  and  provide  for  theLr  development 
The  bills  would  author,i*e  a  study  for  these  purposes  to  *be  carried  out 
by  the  National  Academies  of  Science  and  Engineering  under  the  direction 
'    ^  of^the  Director. of  the  Office  of  Science  and  Technology  Policy.  .The 
•tudy,  which  could  take  up  to  three  ynare,  would  examine  the  potential^ 


\ 

of  various 'technologies;  tlie  levela  of  K&D  in  the  private  sect  or government , 

/  .      *  \ 

And  othec  nations  related  t»  the  techn61ogies ;  and  the  competitive  poaitlon 

of  the  technologic*,  and  would  develop  and  report  to  the  President  and 

the  Congress  on       terluiohoj/y  development  plan  for  each  technology  determined 

,  to  be  itratwgic.     If  thin  bill  were  adopted,   the  Academies  would  become 

more  intensively  involved  in'  the  competitive  assessment  of  terhnologlea 

/ 

than  they  have  heen  in  the  past , 

'* 

D. '  J!  * _ 7 S 71  i.1  i1      5. *h)  lR.h     LN ",l  i ° J* 1  c onrnUi  i  o n ' *h n 
Te c  h  noTn£  i  t^a  I  I  u no va  t  i  o n^js  ml  I  n d  1 1 s  t  rTaT  Mod  eTnTz  a t  i  on 

( P ash  ayan ) 

This  hill,  would  es t ab  1  i sM |l  National  Commission  On  Technological  ' 

to '  • 
Innovation  snd  Industrial  Modej^U  rat  i  on  to: 

"..  .examine  and  evaluate  afl.  1  relevant  Federal   laws  and  pol i c i es, . . and 
...   Buhmit   to  the  President,  and  the  Congress.., a  national  industrial 
strategy  (which)   shall  1>elai  comprehensive  plan  along  with  legislative 
rr< ommendrtt iona  to  coord i rait e  Federal  laws  and  policies  so  as  to 
as  Ho  re  the  ecomraiic  vitality  and  national   security  of  the  United 
States  now  and  into  t  he  '  t  vfertt  y-f  i  rSt  cinturyj1 

l'  %  ■ 

The  'Jl-momWr  commission  would  JlNlve  members  appointed  by  both  bhe  President 

**\  J      t  . 

and  the  Congress.     H  would  be  "directed  to  include  technology  explicitly 

iit  \ts  domain  of  concern.   J^inJe  the  commission  is  empowered  only  to  do 

a  study  and  thru  ta  go  out  of  business,   it  would  not^take  any  action^ 

itself.     In  this  sense,  the  commission  proposal   is  at  the  opposite  extreme 

.  f 

from  the  National  Technology  Foundation  proposed  ' under  H.K,  481 .  Of 

course,   it  might  make  recommijndat  ions  that  woultf  lead  to  substantial 

/    Federal  actions  by  other  agencies. 

This  commission  would  have  a  charter  not  unlike  the  one  given  to 

the  President's  Commiasion  on  Industrial  Competitiveness  appointed  in 

I9U1  by  President  Keagan,  and  would  have  a  more  limited  charter  than  the 

National  Academy  comnt  i  1 1  ee %al  led  for  under  U.K.   1 241/8 <428« 

\ 
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4   '  .  Mr,  Lundink.  And  now  the  subcommittee  stands  adjourned  until 
9:H0  a.m.','*next  Tuesday,  June  12. 

[Whereupon,  at  11:15  a.m.,  the  committee  recessed,  to  reconvene 
at  9:30  a.m.,  Tuesday,  June  12,  1984.]       •     '  ,    *  , 
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TUESDAY,  JUNE  12,  1984 

U.S.  House  of  Representatives, 
>         Committee  on  Science  and  Technology, 
, Subcommittee  on  Science,  Research  and  Technology, 

Washington,  #C 

The  subcommittee  met,  pursuant  to  notice,  at  9:35  a.m.,  in  room 
231H,  Hqyburn  House  Office  Building,  Hop.  Doug  Walgren  (chair- 
man of  the  subcommittee)  presiding. 

Present:  Representatives  Walgren,  Brown,  MacKay,  Valentine, 
Gregg,  Skeen,  and  Bateman. 

Mr.  MacKay  [presiding].  Good  morning.  I  will  call  to  order  this 
hearing.  «, 

This  marks  fhe  second  and  concluding  week  of  the  Subcommit- 
tee's hearing  on  Federal  Organization  for  Technological  Innova- 
tion. 

Today  we  continue  our  consideration  of  the  several  proposals  to 
establish  a  Technology  Foundation  in  the  Federal  Government  as  a 
sister  agency  to  the  National  Science  Foundation.  In  addition,  we 
have  also  asked  our  witnesses  to  comment  on  the  two  bills  which 
would  initiate  programs  of  research  and  development  in  the  areas' 
of  manufacturing  technology  and  robotics. 

The  health  and  vitality  of  American  technology  has  made  a 
major  contribution  to  America's  economic  progress  ih  the  last  3Q, 
years,  but  our  productivity  growth  has  fallen  off,  and  opr  interna- 
tional competitiveness  has  not  allowed  us  to  do  gp^well  as  we 
should  in  the  international  marketplace.  Our  focus  in  these  hear- 
ings is  really  on  the  question:  What  could  and  should  the  Federal 
Government  do  about  this? 

I  announce  with  regret  that  one  of  our  witnesses, i;Dr.  Lewis 
Branscomb,  the  chief  scientist  of  IBM  and  a  former  chairman  of 
the  National  Science  Board,  has  had  to  cancel  his  appearance. 
However,  I  am  glad  to  announce  the  addition  to  our  list  of  wit- 
nesses our  colleague  from  Pennsylvania,  Coogressman  Don  Hitter. 

Congressman  Ritter  is  scheduled  as  the  ftrst  witness.  He  is  not 
present  now,  and  sp  we  will  go  ahead  with  Mr.  Sydney  L.  Jones* 
Under  Secretary  for  Economic  Affairs  to  thfe  U.S.  Department  of 
Commerce. 

tyr.  Jones,  welcome  to  the  committee. 

(i>r>) 


STATKMKNT  OF  SYDNKY  L.  JONKS,  UNlAiK  SKclfuTARY  y<)lt  K(:b- 

nomic  affairs,  va  dki'aktmknt  of  commkkck.  accompa- 
nikikby  kcilh  mimtkimih,  deputy*  assistant  skcretary 
for  Productivity %  technology,  and  innovation 

Mr.  Jonks.  >Thank  you,  Mr.  Chairman  and  members  of  the  sub- 
committee. 

,  I  appreciate  the  opportunity  to  appear  before  you  to  discuss  the 
future  ro|p  of  the  Federifl  Government  jn  providing  support  and  en- 
couragement for  technology' development  and  industrial  innova- 
tion, and  particularly  you  requested  ouf  views  on  four  bills  whioh 
/pertain  to  the  Federal  organizational  structure  in  this  area.' 

These  bills  have  many  positive  objectives,  but  we  do  not  agree 
with  the  procedures  recommended  to  obtain  those  objectives.  Ac* 
cordingly,  we  do  not  support  thfcir  enactment,  for  reasons  I  will 
briefly  summarize 

These  bills  all  have  as  their  common  objective  the  fostering  of 
this  Nation's  technological  base  and  our  worldwide  tompetitive- 
.  ness. 

-  if.R.  124H  ahd*  II. R.  2525  mandate  studies  of  various  aspects  of 
our  industrial  base.  U.K.  124U  requires  the  Office  of  Science  and 
Technology  Policy  to  conduct  a  stu<ly  to  identify  technologies  of 
economic  and  strategic  importance'  to  the  Nation  and  to  prepare 
plans  for  their  development. 

U.K.  2525  would  establish  a  National  Commission  on  Technologi- 
cal Innovation  and  Industrial  Modernization  with  responsibility  for 
>  the  preparation  of  a  national  industrial  strategy; 

In  contrast  to  the  first  two  bills,  H.R.  481  and  4,%1  would  pro- 
ceed to  implement  immediately  new  Federal  programs  to  fund  the 
development,  of  new  technologies.  The  first  would  establish  a  Na- 
tional Technology  Foundation  composed  of  several  existing  Federal 
agencies.  / 

Among  the  many  responsibilities  of  the  foundation  would  be  the 
Operation  of  grant  programs  for  the  development  of  high  technolo- 
gy small  businesses.  The  latter  bill  would  create  the  Advanced 
Technology  Foundation  to  establish  and  support  federally  funded 
R&I)  programs.  , 

The  development  and  commercialization  of  new  technologies'  is  a 
high  priority,  lor  t  his  administration.  Innovation  process  directly  af- 
fects our  international  competitiveness.  It  is  crucial  to  our  econom- 
ic well-being. 

Without  question,  the  issue  of  the  competitive  states  *of  our  prod- 
ucts in  the  world  markets  depends  heavily  uprin  the  creation  of 
new  technology  and  the  providing  of  new  products  through  the  use 
of  technology  and  productivity.  Innovation  and  productivity  are 
indeed  the  .keys  to  offering'  attractive  products  at  competitive 
prices. 

Thus,  while  we  strongly  support  the  goals  of  the  bills*  we  oppose 
their  individual  enactment,  whichr  is  based  on  our  belief  that  they 
would  irpproaeh  the  issue  in  the  wrong  way.  We  share,  however, 
with  the  sponsors  of  these  bills,. a  deep  Concern  that  the  health  of 
the  innovation  process  is  strengthened  and  maintained  in  this 
country. 
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Kaeh  of  these  bills  has  as  its  premise  the  need  for  an  industrial 
policy  that  will-  somehW  guide  our  Nation's  technological  develop- 
ment. It  is  the  view  of  this  administration  that  we  already  have 
such  a  policy/which  is  to  increase  actual  research,  to  improve  the 
How  of  information  and  technology  transfer*  to  provide  incentives 
both  to  create  technology  and  to  invest  in  it,  and,  most  important- 
ly, to  remove  the  barriers  to  the  development  of  technology. 
s>  President  Reagan  spoke  to  this  point  when  ho  create/!  the  Presi- 
v  dents  Commission  on  Industrial  Competitiveness,  which  is  an 
active  group  studying  these  issues.  President  Reagan's  statement 
emphasizes  that  the  governmental  role  should  be  oriented. toward 
the  removal  of  barriers,  which  would  make  innovation  by  the  pri- 
vate sector  more  feasible. 

Conversely,  it  rejects  attempts  at  centralized  planning  of  the 
kind  envmioned  by  U.K.  124,'J  and  H.fy  2525.  President  Reagan's- 
view  is  especially  applicable  to  advances  in  technology. 

Government  officials  should  not  be  placed  in  the  position  of  em- 
phasizing speciric  .technologies,  but,  to  the  contrary,  should  empha- 
size the  growth  of  innovation  and  technology  in  general. 

Government  officials  do  not  have  adequate  access  to  the  market- 
place ideas  or  the  information  necessary  to  make  such  decisions. 
These  objectives  apply  equally  to  H.R.  481  and  H.R.  4861,  which  go 
a  step  beyond  the  development  of  plans  to  the  funding  of  actual  re- 
search projects  based  upon  such  assessments. 

The  administration  has  sought  to  carry  out  the  role  it  deems  ap- 
propriate throu^  a  variety  of  actions.  We  have  moved  to  strength- 
en the  country  s  research  and  development  by  increasing  R&D 
spending.  In  the  fiscal  year  1!)85  budget,  Federal  funding  of  the 
R&I)  increase  is  14  percent,  to  $5U  billion.  This  increase  is  on  .top  of 
a  17-percent  increase  in  fiscal  year  15)84. 

Knactm^nt  of  the  incremental  tax  credit  for  research  and  experi- 
mental expenditures  in  1!)81  was  another  important  innovation. 
The  tax  cuts  contained  in  the  Economic  Recovery  Tax  Act  of  1981 

*  have  laid  the  overall  groundwork  for  stable  economic  growth  which 

♦  has  rebounded  at  a  very  strong  rate  and  created  the  necessary  en- 
vironment for  general  innovation  and  economic  investment. 

In  addition,  the  administration  has  made  a  number  of  proposals 
that  fire  now  awaiting  action  by  the  Congress.  The  National  Pro- 
ductivity and  Innovation  Act,  for  example,  would  encourage  pro- 
competitive  R&D  joint  ventures  by  reducing  possible  antitrust  li- 
ability from  treble  to  actual  damages. 

^  Further,  the  administration  endorses  legislation  to  change  the 
Federal  policies  governing  the  allocation  of  patent  rights  to  inven- 
tions under  Federal  grants,  contracts,  and  cooperative  agreements 
it^  order  to  enhance  the  possibility  of  commercialization  of  the 
large  government  portfolio  of  inventions.  This  idea  is  currently 
being  considered  by  your  subcommittee,  and  we  look  forward  to 
continuing  to  work  with  you  on  this  subject. 

The  administration's  general  opposition  to  an  industrial  policy 
approach  to  innovation  is  based  on  the  belief  that  certain  typea  of 
Government  programs  are  neither  appropriate  nor  effective. 

The  startup  yf  new,  large-scale  programs  to  fund  targeted  re- 
search in  various  industries  through  Federal  grants  constitutes,  in 
our  mind,  intervention  in  the  marketplace  forces.  The  product  of 
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such,  programs  seldom  match  what  the  market  demands,  and  the 
programs<*vould  represent  yet  another'drain  on  the  Federal  budget. 

In  addition  to  the  bills  I  have  already  discussed,  I  would  express 
similar  concern^  about  two  other  bills  now  being  considered,  by 
your  subcommittee.  H.R.  4047  a n^  jEJ.R.  4415  both  envision  large- 
scal^  grant  programs,  the  latter,  for  example,  costing  over  a  quar- 
ter of  a  billion  dollars  over  the^hext  5  years  if  enacted. 

Once  again,  we  strongly  support  the  goals  of  innovation  and  tech- 
nological development,  but  we  have  Serious  reservations  about  the 
efficacy  of  this  approach.  ^  % 

In  conclusion  then,  let  me  etaphasiate  that,  we  sjjgport  strongly 
the  innovation  process.  We  belj^te''%£have  a  strongprogram  com- 
prised of  increflded  R&D  spending,  tne  development  of  increased  in- 
formation and  transfer  of  technology,  Ihe  creation  of  incentives, 
and  the  removal  of  barriers^  but  we  dcyaot  support  the  biUs  under 
consideration.  /m  '  if 

Finally,  Mr.  Chairman,  I'm  accompanied  today  by  Egils  Milbergs, 
who  is  Deputy  Assistant  Secretary  for  Productivity,  Technology, 
and  Innovation  in  the  Department  of  Commerce.  He  is  an  acknowl- 
edged expert  in  this  area  and  will  help  me  answer  whatever  ques- 
tions you  might  have. 

[The  prepared  statements  Mr.  Jones  follows:] 


~  '  sir 
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STATEMENT  OF 
*  *    ,        SIDNEY  L.  JONES 
UNbER  SECRETARY  OF  COMMERCE  ■    ,  ,  . 

FOR  ECONOMIC  AFFAIRS 
BEFORE  THE  SUBCOMMITTEE  ON  SCIENCE,   RESEARCH"  AND  TECHNOLOGY 

OF  Tift  HOUSE  COMMITTEE1  ON  SCIENCE  AND  TJECH^OLOGY  '  v' 

■i'.  *.  *  JUtiE  12,    1984  ■ 

£-  FEDERAL  GOVERNMENT  SUPPORT  QF  TECHNOLOGY 

DEVELOPMENT  AND  INPUSTRIAL  INNOVATION 

Mr*  Chairmaf  and^ members  of  the  Subcommittee,   I  appreciate  this 
opportunity  to  appear  barfore  you  to  discuss  the  present  and  future 
role  of  the  Federal  government  in  providing  support,  and  encour- 
agement  for  technology  development  and  industrial, innovation .  *In 
particular,  you  requested  my  views  on  four- bills  which  pertain  to 
Federal  organizational  structure  in  this  area,   including  H.R.  481, 

1243,  2525  and  4361.  ■  Although  each  o-f  theSe  bills  has  laudabre 

I  .  * 

objectives,   the  bills  also  contain  questionable  means  to'  obtain 
these  objectives.     Accordingly,  we  do^  not  support  their  enactment 
for  reasons  I  WilV discuss  below,  • 

These  bills  ^11  have  *is  their  common  objective  the  fostering  of 

this  nation's  technological  base,  and  hence,  our  worldwide  compet-'' 

itiveness.     H.R.   1243  and  H.R.   2525,  mandate  studies  of  various 

aspects  of  our  industrial  base.     H.R.   1243  requires  the  Office  of 

Science  and  Technology  Policy  to  conduct  a  study  to  identify 

technologies  pf  economic  and  strategic  importance  to  the  nation 

and  to  prepare  pfrans  'for  their  development.     H.R.   2525  woul<)  « 

\ 
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estaDlisfrX  National  Commission  cm  Technological  Innovation  and 
•Industry!  t^derriization  with  respgnsibi"  it     f or  the  preparation 
of  a  nationalVndustrial  strategy      This  strategy  would,  include 
provision  for  the  development  of  new  technologies .  # 

-  •  .  V. " 

In  contrast  to  the  first  two  bill\<  H.R^481  and  4361  would 
proc^dfa  to  implement  immediately  new  Federal  programs  to  "fund  the 
development  of  new  technologies.     H.R.   481  would  es/ablish  a 
^National  Technology  Foundation ,. composed  of  several  existing 
Federal  agencies  including  £he  P$^en1>  and  Trademark  Office,  the 
National  Bureau  of 'Standards  and  others.  ♦Amojig^the  many  responsi- 
bilities of  the  Foundation  would  be  the  operation  of  grant  pro- 
J  f 

grams  for  the  development  of  high  technology  snIGll  businesses.-^ 


•H.R.   4361  would  create  th^  Advanced  Technology  Foundation  to 
establish  and  support  Federally  funded  R&p  programs.     The  cost  of 
H.R.   4361  would  be  -$500  million'over  theyfirst  four  years. 

The  development  and  commercialization  of  new  technologies  is  a 
high  priority  for  this  Administration.     The  innovation  process  * 
directly  affects  our  international  competitiveness.     It  is  crucial 
to  our  economic  well-being.     Without  question  the  competitiveness 
of  our  products  in  worlcf^markets  depends  in  large  measure  upon  our 
ability  to  take  ad*,  mfcage  of  new  technology  to  offer  new  products, 
and  .upon  the  use  of  that  technology  to  improve  our  productivity. 
Innovation  and  productivity  are  the  keys  to  offering  attractive 
products  at  competitive  prices  in  world  markets.   '  ^ 


y 
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J     Thus,  while  we  oppose  the  enactment  of  these  particular  l^lls,  our 
/  ■     ^pposition  is  based  solSfly  upon  the  particular"  means  that  they 
♦  prdpose  to  use  to  meet  the  objective  of^  supporting  and  enhancing 
industrial  innovation.     We  share  with  the  sponsors tof  these  bills 
*        a  deep  concern  . that  the  healthy  of  the  innovation  process  be 

4 

maintained  in  this  country, 

1 

*  t 
Each  of  these  bills  has  as  its  premise  the  need  for  an  industrial 

policy  that  will  guide  our  nation's  technological  development.  It 

is  the  view  of  this  Administration  that  such  a  policy  is  simply^ 

impractical  tJk  implement.     President  ReagaVa  made  J:hi  s  point  »in  his 


£he  members  of 


statement  last^year  announcing  the  appointment  of 
the  President's  Comn .ssion  on  Industrial  Competitiveness.  He 
said,  . 

r    \  I 

Some  believe  that  the  government  ghould  try        read  trends  to 
determine  whi«ch  products,  services  and  industries  have  a 
place  in  our  futr.re,  and  which  do  not.     They  would  have 
government  planners  divert  resources  away  from  traditional 
industries  and  channel  them  into  new  fields.     But  the  history 
of  progress  in  America  proves  that  millions  of  individuals; 
making  decisions  in  their  own  legitimate  self-interest  cannot 
be  outperformed  by  any  bureaucratic  planners. 

Government's  legitimate  role  jft  not  to  dictate  detailed 
plans,  or  solutions  to  problems  for  particular  companies  or 
#^        industries.     No,  government  serves  us  best  by  protecting  and 
»         maintaining  the  marketplace,  by  ensuring  that  the  rules  of 
free  and  fair  trade,  both  at  home  and  abroad,  are  properly 
observed^  and  by  safeguarding  the  freedpms  of  individual 
participants. 

President  Re^agdn's  statement'  describes  a  governmental  role  that  is 
oriented  to  the  removal  of*  barriers  which  would  make  innovation  by 
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the  private  sector  more  difficult.     Conversely,  it  rejects 
•  \  attempts  at  $entrjilized  plarfning  of  the  '  ind  envisioned  by  H,R« 
1243  and  H.R.  2525.     President* Reagan ' s  view  is  especially^ 
applicable, to  advances  in  technology.     Government  officials  should 
not  be  placed  in  the  position  of  picking  technology  winners  and 
losers,  because,   regardless  of  their  expertise,  they  do  not  have 
as  much  access  as  fche  entire  marketplace  to  rich  and  diverse  ^ 
information  about  the  factors  determining  the  success  or  failure 
of  innovations,     These  objections  apply  equally  to  H,R.   481  and 
H.R.    4  361  ,  which  go  a  step  beyortd  the  developroe-nt  of  platis  to  the 
1  funding  of  actual,  research  projects  based  upon  such  assessments. 

The  Administration  has  sought  to  fcar£y'  out  the  role  it  deems 
appropriate  through  a  variety  of  actions.     We  have  already  moved 
to  strengthen  this  country's  research  and  development  by  proposing 
in  the  FY  1985  budget  an  increase  in  Federal   funding  of  R&D  of  14 
percent,  to  $53,  billion.     This  increase  is  on  top  .of  a  17  percent 
increase  in  FY  1984.     The  enactment  of  the  incremental  taxNcredit 

I 

for  research  and  experimental  expenditures  in  1981  is  encouraging 
innovation.     The  tax  cuts  also  contained  in  the  Economic  Recovery 
Tax  Act  of  1981  ^flave  laid  the  groundwork  for  stable  economic  ^ 
grov^i,  and  for  the  necessary  environment  for  innovation  to 
flourish.     In  addition,   the  Administration  has  made  a  number  of 
proposals . that  are  now  awaiting  action  by  the  Congress.  ^hen 
National  Productivity  and  Innovation  Act,  for  exampTe,  would 
encourage  pro-^competitive  R&D  joint  ventures  by  reducing  possible 
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antitrust  liability  from  treble        actual  damages/   Futbjien,  the- 
Administration  endorses  legislation  tlo  change  ,ii\  the  federal 
policies  governing  allocation  of  paxenV  rights  to' inventions  under 
Federal 'grants,  contracts^md  cooperatiVj*  agreements ,  to  enhance  • 
the  possibility  of  commercialization-. of  Yhe  large  government 
portfolio  pf  inventions",  '  This  idea  is  *:urr,ent  ly  being  considered 
by  your  subcommittee  and-  we  look,  forward        continuing  to./wor* 


j 
x 


tf.lt.h"-  you  on(  this  ^bject .  1 
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in  various  industries-.througr/FederVl  grants ' constitutes  * 

The  product  of  such  prdicjr^ams 


The* Administration ' s  opposition  to  ap  industrial  policy  approach 
to  innovation  is  based  <on  the' premise  that  certain  types  of 
government"  programs  are  neither  appx<ypriate  nor  effective..  The 
start-up  of  new  large  scale  pYograms^  to  fund  "targeted"  .research 

irt'tervent  ioif  in  the  market  place 

V  r 

seldom  nva»tch  what  the  market  demands/;    And,  of  course,  the 
programs  would  represent  yet  anpther,  and  from  past  experience 
perhaps  perVn4ne*ntf  drain  on  the  Federal  budget^ 


In  addition  to  the  bills*  1  have"\a'lreddy  discussed*   I'woulci  express 
similar  concerns  about  two  other  {bills  now  being  considered  by, 
this  subcommittee.     H.R.   4047  and  H.R.   4415  boti  envision  large  » 

(     '    '  '  ♦  "' 


scale  grant  programs,  the  lattbif,   for  example,  costing  over  a 
quarter  of  a  billion'  dollars  over  f£ve  yea«:s  if.  enacted,'  ;>c}a4rl,  ^ 


we  have  no  quarrel  with  their  intent,  but  we  haveseriouft 
'reservations  about'  the'ef f icacy  of  their  approach. 
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In  closing; lot  me  repeat  my  conviction  that  the  innovation  process 
in  the  United  States  is^of  crucial f impor  ance  for  our  economic 
w«M-bein<J..    We  believe  the  Administration  is  pursuing  policies 
and  measures  to  keep  innovation  strong  in  the  United  Stages.*"  We 
do  not  believe  the  bills  before  this  Committee'  will  advance*  us 
toward  our.  commonly  held  goal,.  / 

I  am  prepared  to  answer  any  questions. 


1  [  . 
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Mr.  MaoKay.  Thank  you,  Mr.  Jones.  I  might  ask  a  question  or 
two. 

There  was  recently  an  editorial  in  Science  magazine  in  which  the 
author  said  that  what's  really  happening  is  not  an  overall  advance 
in  research  and  development  in  America,  but  that  in  the  last  four 
years  what's  really  happening-^  a  massive  increase  in  military 
K&S)  coupled  with  a  decrease  in  civilian  R&D,  and  he  expressed 
the  concern  that  at, the  time  we  are  doing  this,  which  reflects  an 
effort  to  compete  in  the  military  arena  with  the  Soviets  with  which 
we  do  not  disagree,  we  are  basically  pulling  away  froip  competition 
with  the  .Japanese,  the  Germans,  and  others  in  the  competition  for 
civilian  markets,  and  the  editorial  suggested  that  we're  gbing  to 
pay  a  price  for  that,  that  there's  no  ftee  lunch,  and  that  the  price 
is  going  to  be,  at  some  point  in  the  future,  a  loss  of  market  share 
competitiveness. 

The  point  finally  made  by  the  writer  of  the  editorial  was  not  that 
we  should  get  into  a  battle  between  civilian  and  military,  although 
he  said,  the  reason  for  not  getting  in  that  is  we  already  know  we  11 
lose  that.  He  simply  said  we  should,  become  a  point  of  advocacy  for 
civilian  research  and  development  so  that  the  advance  in  the  mili- 
tary R&D  effort  does  not  come  at  the  expense  of  civilian  R&D. 
«  DtVyou  agree  with  those  conclusion^? 

Mr.  Jones.  I  think  you  have  phrased  very  well,  that  the  in- 
crease in  military  defense  has  been  a  necessary  part  of  our  nation- 
al and  international  priorities. 

At*  the  sdme  time,  it  is  fttill  significant  that  private  research  is 
still  more  than  half  of  our  total  research  over  the  Federal  part,  and 
indeed  the  private  R&D  wept  up  11  percent  in  1984.  So  we  are  not 
declining  in  any  way.  Indeed,  we  are  accelerating. 

In  reality,  Hve  still  comprise  in  basic  research  the  equivalent  of 
Japan,  the  Federal  Republic  of  Germany,  France,  and  the  United 
Kingdom  combined,  or  we  spend  three  times  as -much  on  basic  re- 
search as  any  other  nation. 

I  would  certainly  agree  that  our  goal  phbuld  be  to  implement  pri- 
vate research,  and  that  is  the  point  of  our  efforts  which  I  have  de- 
scribed, to  both  increase  the  Federal  level  basic  research,  which  is 
somewhat  generic— it  can  be  used  in  diverse  ways— at  the  same 
time  trying  to  stimulate  the  private  sector  by  removing  thfr  bar- 
riers of  the  antitrust  concerns  about  the  joint  operation  of  re^ 
search,  by  removing  the  concents  about  incentives,  by  providing 
the  tax  incentives,  the  issue  of  the  861  tax  code,  and,  finally,  by  the 
process,  which  is  the  main  thrust  of  our  Department  of  Commerce 
program.     \  ' 

So  I  would  certainly  agree  with  the  interpretation  you  have 
placfld  on  that  article.  ~ 

Mr.  MacKay.  All  right.  I  would  like  to  ask  just  one  other  ques- 
tion, and  thht  is,  is  the  position  of  the  Reagan  administration  re- 
garding continued  support  for  aeronautical  research  consistent 
with  what  you  said  about,  "We  should  not  be  in  the  business  of 
Government  trying  to  target  industries?" 

Mr.  Jonks.  Aeronautical  research,  of  course,  is  closely  linked  to 
our  military  capacity,  although  it  spreads  into  NASA  also.  I  think 
the  emphasis  there  is  to  compare  ourselves  both  for  the  peacetime 
and  the  military  application  of  the  research,  one  which  you  could 
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not  expect,  at  this  tftne  at  least,  a  private  company  to  undertake  by 
itself,  i 

Mr.  MacKay.  All  right,  Mr.  Skeen,  do  you  have 'any  questions? 

*  Mr.  Skeen.  I  have  po  questions,  Mr.  Chairman.  Thank  you. 
Mr.  MacKay.  Mr.  Brown. 

Mr.  Brown.  Mr.  Jones,  I  apologize  for  having  stepped  out  for  a 

♦  mpment,  and  I  haven't  corppletely  digested  all  of  your  testimony, 
but  I  am  trying  to  understand  a  little  bit  better  the  posture  of  the 
administration  on  this  matter  of  facilitating  the  development  of 
technology. 

Taking  specifically  the  Technolojpr  Fouitttation  bill,  which,  as  you 
krtow,  has  been  before  this  committee  for  a  number  of  years,  we 
have  been  really  trying  to  treat  it  as  a  matter  of  focusing  largely 
existing  efforts  in  a  more  effective  way  within  the  administration. 

If  we  were  to  succeed  in  dpi ng  that,  it  would  seem  to  me  that 
suih  an  approach  would  be  consistent  with,  the  philosophy  of  the 
administration;  would  it  not? 

Mr.  Jones.  Yes,  sir.  The  Department  of  Comrperce,  as  you  well 
know,  has  a  very  specific  proposal  before  the  Congress  to  create  a 
Department  of  International  Trade  and  Development,  and,  as  part 
of  that  reorganization,  would  create  an  under  secretary  for  the 
technology  and  science  areas.  It  would  gather  together  many  of 
those  disciplines. 

Mr.  Brown.  Didn't  it  actually  include  at  one  point,  and  I'm  not,  I 
confess,  really  up  to  date  right  now,  an  administration  within  that 
department  for  innovation  and  productivity? 

Mr.  .Jones.  Yes,  sir.  It  would  be  an  under  secretary  who  would 
combine  the  Patents,  the  National  Bureau  of  Standards,*  my  par- 
ticular activities  in  the  Office  of  Technology  and  Innovation  and 
Productivity,  and  would  give  it,  we  believe  in  the  Department  of 
Commerce,  a  better  focus  and  a  higher  visibility.  . 

Mr.  BfcoWN.  Well,  that's  essentially^what  we  were  seeking  to  do 
here,  but  without  going  to  the  whole  extent  of  revising  the  whole 
Department  ofr Commerce,  which  we  didn't  feel  was  our  prerogative 
inJ;his  committee,  antf  I'm  not  sure  you're  going  to  get  away  with 
it  either.  But  vou  would  not  see  anything  that  contradicts  your 
basic  philosophy  in  seeking  to  achieve  increased  productivity 
within  the  existing  bureaucracy,  would  you?  . 

Mr.  Jones.  We  are  always,  of  course,  trying  to  organize  for  better 
cooperation.  That  iji  a  generic  sense  is  certainly  feasible. 

My  concern  would  be  those  aspects  of  the  bills  which  would  at- 
tempt to  target  specific  technologies,  and  I  frankly  would  have  to 
admit  great  concern  about  the  spending  levels. 

I've  spent  the  last  several  days  trying  to  acljust  to  a  4-percent, 
across-the-board  reduction  in  our  various  authorizing  budget  legis- 

•  lation,  and  I'm  frankly  under  considerable  duress  to  organize  prop- 
erly the  tt^mgs  that  we  are  already  doing. 

I  welcomPthat  across-the-board  approach,  and  indeed  I  think  in 
the  second  tier  fiscal  policies  which  confront  the  Nation  in  coming 
years,  we're  going  to  have  tofconsider  almost  everything. 

So  I  woula  be  concerned  somewhat  with  the  approach  in  case  it 
would  become  a  camel's  nose/  under  the  tent  with  regard  to  indus- 
trial policy,  and,  frankly,jJ  would  be  very  concerned  about  the 
levels  of  appropriations.  W 
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Mr.  Hkown  Well,  wo  all  havt?  to  use  good  judgment  in  doing 
these  things  as  to  the  level  of  spending,  I  know  of  no  ohe  who 
doesn't  feel  we  wouldn't  help  our  oeonomy  more  by  balancing  the 
budget  than  almost  anything  else  that  we  did. 

On  the  other,  hand,  when  this  administration  came  fn,  they 
thought  we  were  spending  too  much  money  on  science  and  engi- 
neering education,  and  then  tht<y  decided  that  we  weren't  spending 
enough.  * 

So  it's  a  matter  of  judgment/  to  some  degree,  as  to  what  the 
proper  level  of  expenditure  for  some  of  these  programs  might  be  as 
you  perceive  their  relevance  to  our  national  priorities  a  little  more 
clearly. 

Am  I  making  a  statement  you  can  agree  with,  or  not? 

Mr.  Jonks.  Oh,  I  think  yes,  we  would  have  fro  rely  on  the  Con- 
gross  to  use  great  discretion.  Funding  the  levels  of  $57  or  $250  mil- 
lion per  year  with  regard  to  the  activities  we  are  already  undertak- 
ing would  really  be  very  major,  far  beyond  anything  that  we  would 
have  in  mind.  *  „ 

Mr.  Bkown.  Well,  confronting  the  possibility  that  we  might  have 
to  live  with  your  administration  for  another  4  years,  I'm  really 
trying  to  find  out  how  we  can  work  mpst  effectively  with  you,  and 
that's  the  purpose  of  my  questioning.         •  * 

Thank  you,  Mr  Chairman. 

Mr  MacKay.  Mr.  Jortes,  thank  you  very  much.  y 
Mr.  Junks.  Thank  you,  sir. 

Mr.  MacKay.  Our  next  witness,will  be  Congressman  Don  Ritter. 

1  understand  that  your  time  is  very  tight.  We  will  accept  your 
statement  in  the,  record,  without  objection,  and  any  summary  re- 
marks you  would  care  to  make. 

STATK.il KNT  OF  HON.  DON  RITTKR,  A  RIOIMiKSKNTATIVK  IN  CON- 
OltKSS  FROM  THK  STATU  OF  PENNSYLVANIA  ANJ)  VICK  CHAIR- 
/-MAN.   TASK    FORCK   ON    HIGH    TKCHNOHOGY  INITIATIVES, 
f     HOl'KK  RKIH'HUCAN  KKSKARCH  COMMITTKK 

Mr.  Rittkk.  Thank  you,  Mr.  Chairman.  > 

It  kind  of  depends  as  to  what  Knergy  and  Contmerce  is  doing 
down  on  the  first  floor  -subjects  of  interest  to  technological  innova- 
tion like  patent  term  restoration,  like  the  Supe^fund,  and  manifold 
billions  of  dollars  that  are  on  the  same  order  of  magnitude  of  the 
entire*  research  and  development  budget  of  the  industry.  So  I  think 
tmy  presence  will  be  required  there,  but  there  is  somebody  there* 
watching  to  see  what's  happening. 

I'd  like  to  thank  you  for  the  opportunity  to  testify  before  the  sub- 
committee today  on  the  federal  role  in  technological  innovation. 

As  vice  chairman  of  a  MO  member  Republican  task  force  on  high 
technology  initiatives,  as  ft  former  univursitf  engineering  professor, 
and  research  administrator  who  expeneneed  firsthand  the  spon- 
sored research  activities  at  universities  these  are  largojly  Federal, 
but  some  State  and  local  the  public  research  support,  and  the  pri- 
vate sponsored  ,  research,  I'm  grateful  to  be  able  to  share  some 
views  with  you.  *  - 
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Kverybody  accepts  the  fact  that  our  Nation's  industrial  competi- 
tiveness and  ability  to  create  new  jobs  depend  on  the  evolution  and 
application  of  new  technology.  *>  ' 

A  strong  technological  base  in  important  to  strengthen  our  econo- 
my, to  enhance  opportunity,  and  we  need  to  remember  that  while 
there  are  additional  steps  that  we  can  take  to  improve  our  position 
iiv  world  markets*  we  have  done  many  things  right. 

\l  the  recent,  economic  summit  in  London,  European  leaders  ac- 
knowledged the  impressive  gains  in  new  job  creation  in  the  United 
States.  They  expressed  •surpriso;at  the  positive  results  that  have 
stemmed  from  lesser  amounts  of  Government  intervention  and  reg- 
ulation and  greater  dependence  on  private  sector  investment  in  the 
economy.  We  just  may  be  moving  in  the  right  direction. 

But.  there  are  certain  steps  that  we  can  take  to  keep  the  jobs  that 
we  have  and  to  create  new  jobs.  From  Mitterrand  to  MIDI,  there 
seems  to  be  a  growing  concensus  that  the  kind  of  decentralized  cre- 
ative forces  that  have  characterized  some  of  the  newer  industries 
in  the  United  States  arc  the  model  for  the  future,  not  more  central 
foci, 

As  the  gentleman  from  California  mentioned,  everybody  agrees 
that  u  balanced  budget  would  allow  credit  to  be  available  and 
would  enhance*  innovation,  investment  and  productivity. 

But,  you  know,  coming  back  to.  that,  we  can't  avoid  the  fact  that 
we  are  trying  to  narrow  budget  deficits  and  that  the  creation  of 
wholly  new  programs  or  wholly  new  Agencies  does  put  an  addition- 
al strain,  and  in  this  climate  it  is  difficult  to  gain  the  support  to 
create  this  kind  of  agency. 

Not  only  that,  the  track  record  of  the  Federal  Government  in 
technology,  applied  technology  dimensions  to  our  economy,  has  not 
been  something  we  can  stand  up  and  crow  about.  The  Department 
of  Knergy  is  a  prime  example,  where  the  battle  for  the  money 
became  fundamentally  political. 

We  can,  and  wo  must,  administer  the  Federal  research  efforts  to 
get  a  bigger  bang  for  our  buck,.  Well,  what  does  that  mean?  It 
means  that  in  NvSF,  for  example,  we  can  and  we  are  set  up  to  de- 
velop some  balances  between  the  basic  research,  and  with  some  ad- 
ditional resources  developing  an  engineering  research  and  an  engi- 
neering technology  arm  based  on  peer  review,  limiting  the  political/ 
inputs  into  the  system. 

We  can  also  pursue  Federal  technology  programs  that  will  pro- 
vide more  research  benefits  to  the  products,  the  markets,  and  the 
competitive  positions  of  firms  in  thtrprivate  sector. 

How  can  we  do  that?  Well,  we  need  to  give  leadership  to  the  pri- 
vate sector.  As  long  as  the  Federal  Government  is  looked  upon  by 
the  research  establishment  in  the  nonprofits,  which  includes  uni- 
versities and  research  institutes,  as  the  rich  uncle,  the  unique  ca- 
pabilities of  these  nonprofits,  these  universities  and  research  insti- 
tutes, will  not  in  large  measure  be  motivated  by  the  need  for  indus- 
trial competitiveness;  it  will  be  motivated  by  the  Federal  R&I) 
economy;  the  two  can  merge,  but  we  have  to  he  careful  as  to  who  is 
the  tail' and  who  is  the  dog.  It  would  be  preferable  to  have  the  pri- 
vate sector  motivations  become  the  dog  and  the  Federal  capabilities 
the  tail.  t 
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One  way  to  achieve  a  greater  motivation  coming  through  the  pri- 
vate Hector  innovation  area  is  to  providd-greater  Federal  incentives 
for  university,  industry,  and  cooperative  projects  that  are  impor- 
tant to  the  private  sector,  as  judged  by  its  financial,  support  for 
these  kinds  of  projects. 

The  level  of  the  research  and  development  tax  credit  as  it  ap- 
plied to  joint  work  between  private  firms  or  consortia  of  firms  if  it 
was  increased,  coulcl  funnel  new  resources  into  the  universities,  en- 
couraging more  market-oriented  research  and  development. 

That  is  a  way  to  go  directly  between  these  marvelous  institutions 
of  research  and  development  and  the  subject  that  we're  realty  all 
concerned  with— that  is,  industrial  competitiveness  and  the  private 
sector  that  is  responsible  for  that  competitiveness.  This  is  not  to 
supplant  basic  research  at  universities;  it  is  to  complement  that  re- 
search. 

Right  now,  on  the  order  of  only  5  to  10  percent  of  most  universi- 
ty research  budgets  are  derived  from  private  seqtor  sponsorship.  No 
wonder  industrial  competitiveness  and  products,  jnarkets,  inven- 
tion, and  innovation  has  an  eventual  buyer  in  the  world*  market 
scheme  is  not  the  motivating  force. 

Encouraging  greater  university  involvement  in  industrial  re- 
search will  have  many  long-term  benefits. 

John  Young,  who  testified  last  week,  chairman  of  Hewlett-Pack- 
ard, and  the  chairman  of  the  President's  Commission  on  Industrial 
Competitiveness,  noted  that  there's  a  shortage  of  engineers  grad- 
uating at  the  master  s  and  doctoral*  levels,  and  this  js  the  pool 
where  the  teachers  of  the  future  must  come  from  to  meet  the  Cur- 
rent shortage  of  engineering  faculty. 

A  more  cooperative  approach  between  industry,  universities,  and 
government  could  bring  engineering  faculty  to  the  cutting  edge  of 
research,  using  the  latest  research  equipment  while  training  stu- 
dents. *  i 

How  do  we  get  there?  Where  does  the  motivation  come  from? 
Does  it  come  from  a  flood  of  new  Federal  funds,  or  do  we  stimulate 
the  private  sector  to  get  more 'directly  involved? 

I  think  the  latter  is  going  to  have  mor%  impact  on  industrial 
competitiveness.  It's  going  to  cost,  but  it  m&y  be  a  more  direct 
route  to  the  goal  that  we  share.  , 

In  te^ms  of  the  answer  to  stimulating  greater  private  sector  in- 
volvement, I'm  not  sure  that  it's  a  new  federal  agency  that  deals 
specifically,  and  is  reorganized  specifically,  for  advance*jWtehnology 
or  more  studies.  ^ 

Again,  I  think  that  we  maybe  set  up  within  the  National  Science 
Foundation  to  accommodate  some  of  that  at  least,  but  perhaps  it's 
in  a  different  -utilization  of  our  research  resources  whereby  agen- 
cies provide  greater  priority  to  projects  at  universities  which  have 
strong  support  from  industry; 

If  we  are  going  to  expand  the  Federal  involvement  ia,the  search 
for  an  enhanced  industrial  competitiveness  without  sacrificing 
basic  research  commitments,  we  need  to  pay  closer  Attention  to 
these  market  trends,  products,  processes,  et  cetera,  and  that  only 
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You  know,  if  greater  privMe  gector  application  of  advanced  tech- 
nology is  being  pushed  and  pursued,  and  we  are  looking  for  the 
Federal  Government  to  go  along  with  this,  the  National  Bureau  of  - 
Standards  has  already  shown  a  very  good  track  record  in  achieving 
this  goal,  and  the  specific  area  I'm  familiar  with;  as  a  metallur- 
gist—they have  brought  together  cooperative  ventures  among  pri- 
.  vate  firms  to  bring  high  technology  to  welding,  laser  sensors,  to 
steel  ingot  solidification,  and  advanced  nondestructive  materials 
testing.  Well,  let's  stimulate  further  cooperative  ventures  of  that 

Another  way  to  achieve  this  goal  is*to  provide  support  from  exist- 
ing Federal  laboratory  activities  for  cooperative  laboratory-industry 
projects. 

Federal  laboratory  research  amounts  to  some  $17  billion  a  year. 
Much  of  it  is  dedicated,  ftut  some  of  that  can  Be  focused  and  target- 
^  ed  on  the  problems  of  American  industry,  vyhere  private  sector  co-  „ 
*  operative,  joint  R&D  ventures  cah'b?  the  dog  coming  in  and  wag-  \% 
ging  some  of  that  extremely  capable  tail.  ' 

Jay  Keyworth,  the  President's  science  adviser,  has  spearheaded 
*      an  Initiative  involving  researchers  in  the  steel  industry,  the  Feder- 
al labs,  and  the  universities.  I  am  personally  involved  in  that,  and  I 
flense  that  this  could  be  a  model  for  further  programs  of  this  kind. 

The  effort  is  hv^he  planning  stages  at  this  time,  and  representa- 
tives from  the  steel  industry,  the  Government,  and  the  university 
are  currently  setting  research  priorities  to  try  fox,  leapfrog  steel- 
making  technology.  This  leapfrog  technology  is  aimed  at  giving  our 
basic  manufacturing  industry  a  major  advanqe  in  steelmaking  pro- 
ductivity and  could  help  the  industry  gain  a  competitive  edge  over 
its  global  competitors. 
Tn§  possibility  exiqts  in  a  number  ot  other  basic  manufacturing 
tH  ,   affeas  as  well.  I 
'«      Now  these  are  some  concrete  -examples  of  how  the  Federal  Gov- 
ernment has  entered  into  the  realm  of  private  sector  industrial 
competitiveness  and  where  they  have  been,  to  this  point,  success- 
ful, and  We  can  develop  additional  programs  of  this  type. 
4     We  can  mddify  our  efforts  at  the  Federal  level,  existing  mUlti- 
billion-dollar  efforts,  to  promote  innovation  and  industrial  competi- 
tiveness without  necessarily  building  new  agencies  or  sponsoring 
new    studies    which    parallel    past    ot    existing  productivity 
commissions. 

One  of  the  bills  before  us  sounds  very  similar  to  the  Baruch  Com- 
mission under  Carter  and  the  Young  Commission  under  Reagan, 
respectively. 

Now  if  there  is  a  specific  gap  in  Federal  support,  or  research  sup- 
port, or  training,  that  could  well  be  another  story. 

One  of  the  bills  before  us,  manufacturing  sciences  and  technolo- 
gy—H.R.  4415  and  S.  1286  take  sotne  steps  in  a  specific  direction 
where  we  seem  to  have  agreement  that  greater  emphasis  is 
necessary. 

But  I  might  add  that  one  of  the  reasons  that  manufacturing  sci- 
ences* and  technology  is/iot  pursued  in  our  universities  and  our  re- 
search, establishments  tq  the  level  and  to  the  extent  that  you  would  a 
think  it  would  be^  that  it  should  be,  is  that  many  of  these  establish- 
-  ments  Ji^Ve  been  part  ai^d  parcel  of  a  Federal  R&D  economy  which,  . 

ERJC  .  * 


for  *Jf>  yeafs,  did  not  focus  on  manufacturing,  it  wasn't  the  sexy 
field,  and  we  have  lost  out  in  thai  regard. 
rWe  could  have  done  better.  v 

We  have  done  bettejwn  manufacturing  technology  than  the  con- 
ventional wisdom  assumes,  Jbut  thei*  are  vast  gaps  where  competi- 
tors have  really  taken  over  the  leifaership  in  the  world  markets. 

I've  tried  to  give  some  concrete  examples  in  commentinjfcon  the 
bill  before  us  where  Government's  role  can  be  made  more  effective. 
However,  in  closing,  I  would  like  to  second  pfy~co\\eag\ie  from  Cali- 
fornia, Ed  Zachau's  remarks  of  l*ist  week.  ' 

In  our  Republican  House  Task  Force  on.  High  Technology  Initia- 
tives, we  have  taken  pains  to  focus  on  the  process  of  innovation, 
targeting  the  process,  if  you  will,  as  the  key  to  competitiveness  and 
economic  growth. 

I  know  there's  dichotomies  between  committees,  and  certain  com- 
mittees have  certain  jurisdictions,  and  we  have  bemoaned  this  fact, 
but  we  really  do  need  to  focus  on  what  we  in  the  science  communi- 
ty would  call  the  first  order  effects,  and  that  ml)st  certainly  is  the 
process. 

We  feel  that  the  basic  features  of  our  competitive  landscape  are 
sei^by  incentives  for  innovation  and  invention,  incentives,  risk- 
taking,  incentives  for  performing  market-oriented  research  and  de- 
velopment, and  I  won't  repeat  Representative  Zschau's  excellent 
testimony,  but  I  will  quote  just  one  quote  from  our  Senate  col- 
league, Paul  Tsongas,  when  he  stated, 

Becau.se  I  am  u  Democrat,  I  consider  the  ethic  iti  the  House  among  my  fellow  col- 
leagues that  this  was  pro-business,  and  therefore  we  are  aghinst  it.  The  bill,  which  I 
did  not  support,  did  more  for  the  economy  of  my  State  than  anything  I  did  as  a 
Congressmen.  ,  ^ 

I  do  not  wish  to  make  this  any,  kind  of  partisan  statement,  be- 
cause there's  certainly  enough  blame  to  go  around  in  a  bipartisan 
,way,  but  I  must  say  that  Tsongas  hits  a  nail  on  the  head.  He  is 
talking  about  the  reduction  the  maximum  tax  on  capital  gains. 
Speaking  of  blame  to  go  around,  it  was  President  Nixon  who,upped 
that  tax  to  4i)  percent,  but  President .  Carter  who  opposed  its 
coming  down  to  28.  Senator  Tsongas  stated  that  "it  did  more  for 
the  economy  of  my  State  Massachusetts' than  anything  that  I  did 
as  a  Congressman.  ' 

That  reduction 'caused  venture  capital  to  rise  from  a  low  of  $50 
million,  the  order  of  magnitude  of{tfoe  agency  budgets  that  we're 
describing  within  these  bills,  to  some  $4  billion,  today's  amount.  I 

The  tax  reductions  are  a  good  example  of  a  first  order  effect. 
Dare  we  to  think  what  would  happen  to  the  tax  shelter  industry  if 
we  extended  some  of  the  so-crilled  tax-free  status  to,  investment  in 
industrial  America  and  the  venture  capital  pool?*  We're  talking  the 
difference  between  $50  million,  $4  billion,  and  pn  the  order  of  the 
$l()0-$2()0  billion.  ' 

Thank  you,  Mr.  Chairman.  I  appreciate  the  "opportunity  to  testi- 
fy* 

[The  prepared  statement  of  Mr.  Hitter  follows: ) 


< 
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"'.     !>TATEMENT  BY  CONGRESSMAN  DON  RlTtfR 
flEFORE  THE 

House  Subcommittee  on  Science  Research  and  Technology 
June  12,  1.98*1 

to,  Chairman; 

WANT  TO  THANK  YOU  FOR  THIS  OPPORTUNITY  TO  TESTIFY  BEFORE  THE  SUBCOMMITTEE 
TODAY  ON  THE  FEDERAL  ROLE  FOR  TECHNOLOGICAL  INNOVATION, 

AS  VICE-CHAIRMAN  OF  THE  l'lO  MEMBER  REPUBLICAN  TASK  FORCE  ON  HIGH  TECHNOLOGY 

Initiatives,  mo  as  a  former  university  Professor  and  Research 
administrator  who  experienced  first  hand  public  (largely  federal  but  some 
state  and  local )  and  private  sponsored  research/  i  would  like  to  share  some 
views  with  you.  (xjr  nation's  industrial  competitiveness  and  ability  to 
create  new  jobs  depend  on  the  evolution  and  application  of  new  technology , 
i, commend  the  chairman  for  his  interest  aw)  i  fader ship  in  this  area  and  for 
sponsoring  these  hearings.  i  havl  had  thl  personal  pleasure  of  working 
with  the  Chairman  on  a  variety  of  science  based  issues. 

a  strong  technological  base  is  important  tu  strengthen  our  economy  and/ 
enhance  opportunity.  we  need  to  remember  that  while  there  ape  additional 
steps  "p^at  we  catc  take  to  improve  our  position  in  world  markets,  we  have 
donf  many  things  right.  at  the  recent  economic  summit  in  london,  europea^i 

LEADERS  ACKNOWLEDGED  THE  IMPRESSIVl  TWINS  IN  NEW  JOB  CREATION  IN  THE  UNITED 

/  States,  They  expressed  surprise  at  the  positive  results  that  have  stemmed  ' 
from  lesser  amounts  of  government  intervention  and  greater  dependence  on 
private  investment  in  the  economy,  we  seem  to  be  moving  in  the  right 
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DIRECTION  BUT  CERTAIN  STEfci  ARE. NECESSARY  TO  KEEP  THE  JOBS  WE  HAVE  AND 
CREATE  NEW  JOBS. 

« 

tot  MOST  OBVIOUS  FACTOR  THAT  LOOMS  AS  A  THREAT  TO  SUSTAINING  THE  RECOVERY 
IS  A  FEDERAL  DEFICIT  SQUEEZING.  CREDIT,     CLEARLY,  WE    MUST  BRING  IT  UNDER 
CONTPOL  BEFORE  IT  CONTROLS  US,     [N  THIS  CLIMATE,  IT'S  DIFFICULT  TO  BUILD 
NEW  FEDERAL  AGENCIES  WITH  NEW  BUDGET^  AND  NOT  ONLY  THAT,  TECHNOLOGY 
g)RlENTED  FEDERAL  AGENCIES  HAV6\  NOT  BEEN  EMINENTLY  SUCCESSFUL,    AN  EXAMPLE 

w  this  is  the  Department  of  Energy!    We  must  administer  federal  research 

AMD  DEVELOPMENT  IN  A  MANNER  THAT  WILL  RESULT  IN  A  "BIGGER  BANG  FOR  OUR 
BUCK,"  SO  AS  TO  BETTER  SUPPORT  INDUSTRY'S  EFFORTS  TO  APPLY  OUR  FEDERAL 
RESEARCH  IN  THE  MARKE "[fife ACE , 

*  ■  *i 

HCW  CAN  WE  PURSUE  FEDERAL  TECHNOLOGY  PROGRAMS  THAT  WILL  PROVIDE  MORE 
RESEARCH  BENEFITS  TO  THE  PRODUCTS,  rl^RKETS  AND  COMPETI/flVE  POSITION  OF 
FIRMS  IN  THE  PRIVATE  SECTOR?  ^ WE  fl&$T  GIVE  LEADERSHIP 'to  THAT  P|IVATE 
SECTOR.    AS  LONG  AS  THE  FEDERAL  GOVC^WENT  IS  LOOKED  UPON  AS  THE  RICH  UNCLE 
BY  NON-PROFIT  RESEARCH  ESTABLISHMENTS!  THEIR  UNIQUE  CAPABILITIES  WILL  NOT 
IN  LARGE  MEASURE  BE  MOTIVATED  BY  THE  NEED  FOR  INDUSTRIAL  COMPETITIVENESS, 

One  way  TO  ACHIEVE  this  goal  is  to  provide  greater  FEDERAL  incentives  for 

INDUSTRY /UNIVERSITY  COOPERATIVE  PROJECTS  THAT* ARE  IMPORTANT  TO  THE  PRIVATE 

sector  as  judged  by  its  financial  support  for  such  projects,  the  level  of 
the  Research  and  Development  tax  credit  as  it  applies  to  joint  work  between 

PRIVATE  FIRMS  OR  CONSORTIA  OF  FIRMS  WILL  FUNNEL  NEW  RESOURCES  INTO 
UNIVERSITIES  ENCOURAGING  MORE  MARKET-OR I fcNTED% RESEARCH  AND  DEVELOPMENT* 
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This  i^not  to  supplant  mask;  research  at  universities,  On  the  order  of 
only  5%  to  10%  of  most  univerjjjy  research  budgets  now  derive  from  private 
sponsorship,  .  : 

■  3 

Encouraging  greater  university  involvement  ^industrial  research  will  have 
many  long  term  benefits.  john  young,  chairman  of  hewl  itt-packard/  noted 
last  week  that  there  is  a  shortage  of  engineers  graduating  at  the  master 
and> Doctoral  levels,  This  is  thewol  from  where  our  teachers  of  the 
future  must  come  to  meet,  the  current  shortage  of  engineering  faculty,  a, 
more  operative  approach  between  industry,  universities  and  government 
could  bring  engineering  faculty  to  the  cutting  edge  of  research  using  the 
latest  research  equipment  while  training  students, 

hcw  can  we  fncouragf:  this  cooperation  and  greater  private  sector  -involve- 
ment? i  am  not  surf  that  the  answer  is  a  new  federal  agency  for  advanced 
technology  or  in  more  studies,  perhaps  it's  a  deferent  utilization 
wereby  agencies  provide  greater  priority  to  projects  at  universities  which 
have  strong  support  from  industry.  'again,  if  we  are  to  expand  federal 
involvement  in  thf  search  for  enhance^industrial  competitiveness"  ~ 
without  sacrificing  basic  research  commitments  —  we  need  to  pay  closer 
attention  to  market  trends/  products,  processes  etc,,,  that  only  comes 
whfre  the  private  sector  is  the  dog  and  the  government >f he  tail,,,  not  vice 

VERSA. 

IT  GREATER  PRIVATE  SECTOR  APPLICATION  OF  ADVANCED  TECHNOLOGY  IS  BEING 

PUSHED/'  THE  NATIONAL  BUREAU  OF  STANDARDS  ALREADY  HAS  SHOWN  A  GObb  TRACK 
J  ■ 


RECORD  IN  ACHIEVING  THIS  GOAL.    F0R^xA#E,  IN  A  SPECIFIC  AREA  I'M 


FAMILIAR  WITW  AS  A  METALLURGIST,  TH^^BROIJGHT  TOOTHER  COOPERATIVE 
VENTURES  AMONG  PRIVATE  FIRMS  TO  BRING  HIGH-TECH  TO  WELDING;  LASER  SbNSORS 
TO  STEEL  INGOT  SOLIDIFICATION  AND  ADVANCED  NON-DESTRUCTIVE  MATERIALS 
TESTING, 

A 

I 

another  way  to  achieve  t>hs  goal  is  to  provide  support  from  existing  ' 
federal  laboratory  activities  for  cooperative  lab/industky  projects, 
Federal  Lab  research  amounts  to  some  }\7  b^lion  per  year,  Jay  Keyworth, 
the  President's  Science  Aiwisor,  has  spearheaded  an  initiative  involving 
researchers  in  the  steel  industry,  federal  labs  and  universities,  This 
effort  is  in  the  planning  stages  at  this  time  and  representatives  from  the 

r 

steel  industry*  government  and  universities  are  currently  setting  research 
priorities  tf)  develop  "leapfrog"  steelmaking  technology ,  this  "leapfrog" 
technology  is  aimed  at  making  a  major  adv^ncf  in  steelmaking  productivity 
and  could  help  the  industry  gain  a  competitive  edge  over  its  global 
competitors.    the  possibility  exists  in  other  aftfv\s  as  well, 

These  are  some  concrete  examples  of  how  fldfrai/ progpajjs 

MODIFIED  TO  PROMOTE  INNOVATION  AND  INDUSTR  fAy  COMPeYiTIV0NESS  WITHOUT 

necessarily  building  new  agencies  or  sponsoring  new] studies  which  parallel 
past  or  existing  "productivity  commissions,"  ktw^h  under  carter  and  young 
under  Reagan  respectively,   If  there  is  a  specif'utgap  in  Federal  research 
support.  or  training,  that  could  well  fit  another  story,  f^^acjjjring 
Sciences  and  Technology  may  be  such  an' area  wherf.  greater- emphasis  is 
necg6sary,  ,  hr  m15  and.s,  1286  takes  some  steps  in  this  specific  ^ 

DIRECTION,  ,y.'^  ■  ,.: 
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in  commenting  on  tle  bill**  before  us>  i  'vft  fried  to  give  some  concrete*  « 
examples  where  q^vernment '  s  rple  can  be  "made  more  ^effective,  "  however ,  in  ' 
closijyg,  i'd  like  to  second  my  colleague  from  california,  ed  zschau's^ 
remarks  of  east  week,  tnajr  nouse'repu&l  1cam  jask  force  on  hlgh  a/ 
Technology  .Initiatives,  we've  focused'on  the  process  of        •  /  . ' 

INNOVATION,',,  TARGETING  THE*"pROCESsT  IF  YOU  WILL,  Af  THE  KEY  t|( 

competitiveness  and  economic  growth.  We  feel  that  the:  basic  features*of 
our  competitive  landscape  are  s'fr  by  incentives  for  innovation  and 
invention;  for.  rhfck  taking;  for  performing  research  and  development  and  for 
expanding  one's  mapkets,  i  won't  repeat  representative  zschau's  excellent 
testimony,   i-'ll<just  quote  our  senate  colleague  paul  tsongas  when  he 
stated,  "ijecausipi  am  a  democrat  i  considered  the  ethicf  in  the  house  among^^ 
my  fellow" colleagues  that  this  was  pro-business  and  therefore  we  are 
against  it.  That  hill  Ahich  I  did  not  support,  did  more  for  the  economy  of 
my  pa^  than  anything  i  did  as  a  congressman," 

That  reduction  c/Aised  venturf  capital  to  rise  from  a  low  of-. $50  million, 
the. order  of  magnitude. of  the  agency  budgets  we're  describing  wwhin  these 
bills,  to  some  v\  billion,  today's  amount,  the  tax  reductions  are"  a  go*  f 
rxamplf  of  a  "first  order  efffxt."  dare  we  to  think  what  would  happen  to 
rut:  tax  shelytfr  industry  if  we  extended  "tax  free"  status  to  investment  in 
industrial  America,  and  the  venture  capital  pool. 


IF 
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Mr.  BROWN^IprmidinKl-  Thank  you,  Mr.  Ritter.  That  is  a  very 
thoughtful  and  helpful  statement. 

I  respect  the  fact  that  the  course  which  you're  pressing  ancl  the 
course  which  the  Republican  task  force  is  proposing  are  essentially 
programs  that  do  provide  incentive  ^and  motivation;  <they  are  not 
irtBtitution-building  recommendations;  and  this  is  a  reasonable  way 
to  proceed. 

But  there  always  comes  a  time  when  you  do  have  to  njake  deci- 
sions about  whether  or  hot  you  may  need  to  proceed  to  do  some- 
thing to  improve  the  institutional  structure.  For  example,  the  ad- 
ministration itself  is  moving  in  that  direction  with  the  Department 
of  Trade. 

And  I'm  wondering  if  there's  any  way  that  we  could  set  a  stand- 
ard for  when  we  want  to  improve  our  institutional  capability,  to 

.  focus  resources;  to  make  decisions,  to  examine  policy  implications, 
in  order  to  achieve  our  natjonal  goals  more  effectively.  * 
»  I'm  asking  you  if  You  wbuld  comment  on  this  process,  because  I 
think  we  went  throdgh  this  same  kind  of  a  thing.  \  « 

I  can  imagine  30  years  ago,  when  Vannevar  Bush  comes  into  the' 
Congress  and  says,  *We  ought  to  set  up  a  Natiortal  Science  Founda- 
tion," and  Congressman  X  sat  there  and  said,  ('We^a't  need  a 
National  Science  Foundation;  we've  never  had  a  Natlwal  Science 

;  Foundation.  We've  always  supported  basic  research  through  the  re- 
sources of  the  States  and  the  universities  with  a  tittle  help  from 
private  industry.  Why  do  we  need  to  do  anything  differently?" 

What  kind  of  criteria  do  we  set?  What  are  the  points  at  which 
we  can  say,  "Well,  this  problem  is  so  serious  that  now  we've  got  to 

-  take  another  look  at  it  and  (Jefcide  on  another  course  of  action?" 
Can*  you  shed  any  light  on  that? 

Mr.  Ritter.  Well,  first  of  all,  let  me  say  that  I*appreciate  your 
comments,  and,  having  worked  with  you  for  many  years,  I  consider 
you  one  of  the  most  thoughtful  people  in  the  Congress  on  these 

<  issues. 

It  seeps  to  me  that  there  is  a  role,  an  extensive  role,  for  the  Fed- 
eral Government  in  doing  the  kinds  of  long-range  research  projects 
which— no  one  can  argue  with  the— the  intent  or  that  peer  review 
seems  to  establish  that  this  is — this  is  the  way  to  go. 

The  problem  we  get  into  as  we  begin  to  focutf  more  on  advance 
.technology— and  again  our  experience  within  the  Federal  Govern- 
ment id*  not  necessarily  that  positive,  as  we  have-eet  up  programs 
like  synfuels,  ,which  the  gentleman  is  quite  familiar  with. 

Mr.  Brown.  It  has  been  lousy  in  mpny  situations. 
%  Mr.  RiTTKR.  You  know,  it's  much  harder  to  find  out  where  things 
ffiyf  going.  You  know,  us— people  like  you  and  me  and  the  gentle- 
man who  just  left,  Mr.  Jones— I  mean  our  knowledge  is  extremely 
limited,  and  one  of  the  bills— I  think  it's  the  Pashay^n  bill— -talks 
about  a  study  that  wquld  be  set  up  like  the  Young  Commission, 
like  the  Baruch  Commission,  but  that  it  would  take  up  to  3  years 
to  come  back  with  its  findings. 

Well,  everything  I  hear  from  the  people  in  the  cutting  edge  of 
high  technology  and  the  applications  of  high  technologies,  they 
need  answers  in  '{  weeks;  they  need  to  break  ground;  they  need  to 
expand;  .they  need  roads,  sewjage,  communication  lines,  and  clean 
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roomdin  li  months;  that  hun  to  be  completed  in  order  to  take  ad- 
vantage of  what's  happening  within  the  competitive  markets. 

The  answer  to  your  question  is,  if  we  can  provide  a  greater  mo- 
bility and  flexibility  to  attack  those  markets,  and  sometimes  to 
attack  them  in  strength,  sych  as  the  joint  R&D  ventures,  such  as 
in  the  case  of  antitrust  and  some  of  our  basic  industries,  rationaliz- 
ing the,  quote,  unquote,  some  of  the  older  manufacturing  industries 
so  that  they  can  modernize  more  effectively. 

But  I'm  wondering,  how  good  we  are  here  in  Washington  in  ad- 
dressing the  location  of  the  technologist  opportunities  of  the 
future. 

I  think  we  hay*  to  address  concrete  political  arenas  like  the 
trade  arerffc.  We  cannot  pursue  policies  where  we  are  Lilliputians 
and  someone  out  there  is  a  giant,  although  the  Lilliputians  at  some 
point  pinned  Gulliver,  but  where  these  new  technologies  are  is  not 
easy  to— to  be  better  here  than  the  market  is  out  there. 

Mr.  Brown.  Well,  we  won't  resolve  that  question  today,  but  I 
noted  that  you,  I  think,  commented  favorably  on.  the  possible  need 
to  do  something  in  the  area  of  manufacturing  technology,  which  is 
something  that  therate  fairly  goodixonsensus  on. 

We—as  a  generic  ilatter,  we'do  need  to  upgrade  the  quality.  * 

Mr.  Rittku.  I  sincerely  do,  because  we  have  letJgo,  but  the  subse- 
quent comments  were,  one  of  the  feasons  that  that  field  languished 
was  that  it  wasn't  encompassed  by  the  Federal  R&D  economy. 

Mr.  Brown.  Yes.  ■ 

Mr.  Ritter.  And  while  the  Federal  R&D  economy  paid  reason- 
ably generous  indirect  costs  to  our  research  institutions,  and  while 
it  covered  substantial  portions  of  faculty  and  research  institute  per- 
sonnel salaries,  if  you  went  out  and  tried  to  do  something  with  the 
local  industry,  you  know,  you  got  yourself  $3,000,  whereas  a  Feder- 
al grant  could  give  you  $30,000.  We  really  skewed  from  here  the 
innovation  in  manufacturing— the  innovation  away  from  manufac- 
turing sciences,  and  technology. 
■•    So  maybe  you'reKright;  it's  time  to  skew  back  in  the  other  direc- 

*ion'        It  .  , 

Mr.  BrAvn.  Well,  we  appreciate-your  contribution  very  much, 

•    and  recognising  that  you  do  have  another  committee  responsibil- 
ity  1  *  ,  • 

Mr.  RirrEfi.  I  thhnk  you  for  your  leadership  in  this  and  sincerely, 

appreciate  it.  * 
Mr.  Brown.  Thank  you. 

Our  next  witness  is  Mr.  Robert  P.  Clagett,  general  manager,  re- 
search and  development,  for  AT&T  Technologies,  Inc. 

That  AT&T'ih  a  familiar  name,  but  I'm  not  sure  I  recognize  its 
current  manifestation  there.  You'll  explain  that  to  us,  I'm  sure. 

v  STATEMENT  Of  ROBKRT  P .^LAGETT,  GENERAL  (MANAGER,  RE- 
SEARCH AND  DEVELOPMENT,  AT&T  TECHNOLOGIES,  INC., 
PRINCETON,  NJ 

Mr.  Claoktt.  Well,  the  AT&T  Technologies  is  what's  left  of 
AT&T—one  half;  the  other  half  is  AT&T  Communications. 

Mr.  Brown.  We're  very  pleased  to  have  your  comments  and  your 
presence  here  this  morning,  Mr.  Clagett. 


/ 

*  Your  full  statement  will  appear  in  the  record,  if  you  should  wish 
to  abbreviate  it  or  summarize  it  in  any  way,  anckyou  may  proceed. 

Mr.  Claoktt.  All  right.  Thank  you.  I'd  like  to  go  over  it  in  Home 
part,  in  any  case,  because  I'd  like  to  make  those  points  that  might 
*  help  further. 

I  m  general  manager  of  research  and  development  at  AT&T 
Technologies.  I'm  here,  however,  because  of  my  membership  and 
.activitietKin  the  Industrial  Research  Institute.  The  IRI  is  composed 
of  heads  of  research  in  industry  whose  companies  collectively  rep- 
resent over  H5  percent  of  all  industrial  research  and  development 
being  carried  out  in  the  United  States. 

I  head  AT&T's  Engineering  Research  Center  in  Princeton,  NJ. 
The  center  was  established  2(>  years  ago  with  the  sole  purpose  of 
conducting  research  and  development  aimed  at  improving  manu- 
facturing research. 

At  that  time,  there  were  no  models  for  such  air  R&D  effort— that 
is,  in  manufacturing  research  exclusively.  Today  there  are  many. 
The  center  has  been  copied  by  Siemens  in  West  Germany— I've  had 
visits  from  the  director  there— from  Nippon  Electric  in  Japan,  also 
visits— proud  to  be  an  exact  copy  of  the  engineering  research 
center— and  there  are  now  many  in  the  United  Spates  devoted  ex- 
clusively to  manufacturing  research. 

Our  research  ranges  from  advanced  automation,  robotics,  lasfir 
applications  in  manufacturing,  optical  fiber  processes,  semiconduc- 
tor processes,  and,  more  recently,  polymer  processes,  and,  of  course, 
electronic  testing,  statistical  analysis,  and, computer-aided  manufac- 
ture. 

Since  195H,  the  research  center  has  carried  out  an  extensive  pro- 
gram of  manufacturing  research  and  development,  and  its  resulted 
in  significant  developments  in  manufacturing  process  technology 
4     and,  of  course,  has  enhanced  AT&T's  ability  to  produce  high  qual- 
ity and  cost-effective  product*).  ( 

Research  and  development  on  manufacturing  essentially  entails 
engineering  research  conducted  in  close  partnership  with  scientific 
research.  *  ■  * 

I  am  pleased,  therefore,  to  see  sponsorship  of  bills  to  advance  en- 
gineering research  bec*\use  our  experience  at  AT&T'a  engineering 
research  center  as  well  as  the  IRI  members  has  shown  research 
and  development  of  manufacturing  processes  are  very  cost  effective 
in  giving  industry  competitive  processes—that  is,  to  devote  specific 
effort  in  manufacturing  research. 

I  feel  the  United  States  has  not  'emphasized  engineering  re- 
search,^ oppysed  to  scientific  Research,  ertough,  and  I'd  like  to 
compliment  the  sponsors  and  the  committee  on  focusing  attention  * 
that  will  encourage  and  support  engineering  research,  especially  in 
universities,  where  we  really  receive  a  double  benefit.  First,  of 
course,  is  the  value  of  the  research  itself,  but  at  least  as  impor- 
tant "perhaps  more  so  to  the  Nation  is  the  value  of  educating  en- 
gineering students  in  leading  edge  research. 

At  our  research  center,  we  nave  found  whenever  we  tackle  a 
problem,  an  interdisciplinary  team  is  best.  We  don't  assume  that 
the  problem  will  be  one  of  a  mechanical  engineering  type,  or  an 
electrical  engineering,  chemical,  physics,  or  math;  we  assemble  a 
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team  with  a  wide  range  of  ei)gineering  and  scientific  backgrounds, 
because  today's  manufacturing  problems  involve  all  of  them.. 

For  example,  its  no  accident  that  AT&T  Engineering  Research 
Center  developed  the  first  industrial  use  of  a  laser.  The  apparatus 
is  now  in  the  Smithsonian. 

In  the  early  sixties,  we  assembled  a  team,  shortly  after  the  laser 
was  invented,  of  electrical  engineers,  mechanical  engineers,  physi- 
cists, and  material  scientists  to  investigate  laser  applications  to 
manufacturing.  We  still  have  such  teams  and  a  wide  variety  of  re- 
search lasers  now,  and  today  we  have  over  500  lasers  io  our  facto- 
ries' working  processes. 

We  also  work  in  close  collaboration  with  AT&T  Bell  Laborato- 
ries' engineers  and  scientists.  Often  Bell  labs  will  create  a  product 
concept,  quite  often  with  new  materials,  and  the  engineering  re- 
search center  will  work  with  them  to  develop  an  efficient  manufac- 
turing process. 

As  an  example,  when  the  labs  developed  a  product  concept  that 
used  tantalum  thin  film,  it  had  to  be  deposited  i^  a  vacuum,  and  at 
that  time  we  were  using  bell  jars  to  create  those  vacuiftns. 

Obviously,  there  was  a  need  to  do  something  other  than  t<p  have 
acres  of  bell  jars  in  a  factory,  and  so  the  engineering  research 
center  used  an  interdisciplinary  team  to  develop  a  process  that^ 
would  move  parts  In  and  oUt  of  that  vacuum  at  high  rates  to  create 
a  high  quality,  low  cost  film.  We  did  so.  It  resulted  in  an  in-line 
vacuum  machine  that  was  ready  for  production  when  the  product 
design  was  final i zed. t 

Well,  I  cite  these  examples  to  emphasize  my  conviction  that, 
based  on  our  experience,  interdisciplinary  teams  are  very  impor- 
tant, Hideed  necessary,  for  most  creative  solutions  to  today's  com- 
plex manufacturing  problems,  and  I  therefore  would  like  to  encour- 
age vou  to  find  ways,  as  you  move  to  support  engineering  research, 
to  also  emphasize  the  close  collaboration  between  engineering  and 
flcier^e, 

One  way  you  might  consider  doing  this  would  be  to  link  the  new 
engineering  research  emphasis  to  existing  science  research  pro- 
grams and  agencies,  for  example,  expanding  the  role  and  charter  of 
the  National  Science  Foundation,  as  has  already  been  proposed,  to. 
include  not  only  funding  and  emphasis  on  engineering  research, 
but  on  programs  and  concepts  to  enhance  engineering  and  science 
collaboration  would  be  a  great  benefit  to  the  Nation,  I  believe. 

This  of  course,  should  not  be  done  at  the  expense  of  tiie  current 
scientific  research,  which  is  quite  important.  Such  a  change  may  be 
more  efficient,  however,  and  help  in  your  perceptive  emphasis  on 
coordination  and  communication  among  Government  agencies,  uni- 
versities, and  industry. 

Better  communication  and  information  exchange  among  engi- 
neering research,  scientific  research,  and  especially  interdiscipli* 
nary  teams  throughout  the  country  will  greatly  enhance  the  IJ.S 
competitive  position.  • 

AT&T  is  a  member  of  the  Industrial  Research  Institute  became 
•  we  want  to  be  a  part  of  an  effort  to  promote  improved  economical 
and. effective  techniques  of  organization  and  operation  of  industrial 
research,  and  thfeis  the  goal  and  aim  of  Ml  pt  which  they  work 
rather  hard. 

/ 
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Ah  1  talk  to  individual  members  of  the  IRI,  I  find  they  feel  as  I 
do  that  the  need  in  thin  country  is  to  provide  incentives  and  focus 
for  private  industry  to  carry  out  industrial  research  as  well  as  a 
need  to  emphasize  and  aid  engineering  research  in  our  universities; 
I  emphasize  engineering  research.  • 

For  example,  in  the  emerging  fields  of  robotics  research,  there 
are  many  programs  in  industry.  I  have  one*  of  substantial  size  at 
ERC.  There  are  also  many  university  programs  under  way  or  beipg 
developed. 

The  need  is  not  so  much  to  create  additional  research  centers  as 
it  is  to  support  and  fund  university  equipment  so  that  it  is  current, 
leading  edge  equipment,  and  to  develop  communication  arnong  the 
manv  researchers.  \ 

Tnere  are  existing  programs  at  both  the  National  SciencJFoUn- 
dation  and  the  National  Bureau  of  Standards  that  arc  a  goo$P  start. 
Your  emphasis  and  focus  is  needed  to  fund  and  enhance  those  pro- 
grams to  maximize  the  Nation's  resources,  I  feel. 

And,  finally,  I'd  like  to  come  back  to  my  main  point  that  as  the 
committee  deliberates  on  Ways  to  enhance  the  U.S.  position  in  engi- 
neering, the  value  of  interdisciplinary  research,  engineering,  and 
science  can  be  a  powerful  adjunct  to  any  aid  and  programs  they 
create  to  strengthen  the  United  States. 

Thank  you. 

[The  prepared  statement  of  Mr.  Clagett  follows:) 


y 


■  \ 
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My  name   is  Kolii*rt   V.  CLagett.     I'm  Oeoeral  Manager, 
Research  and  Development,  .AT AT  Technolog ies .     t  have  been  asked 
here  because  of  my  membership  and  activities   in  the  Industrial 
Research  Institute.     The  I.  R.   Is.    is  composed  of  heads  of 
research  in  industry  whose . compan ies  col  lect i vo ly^ represent 
over  85  percent  of  al  I  .  industrial  researched  development 
being,  carried  on  in  the  United  Stated  * 

I  head  AT&T 1 s  Engineering  Research  Center  in  Princeton, 
.    New  Jersey.     The  Center  was  established  26  years  ago  with  the 
sole  purpose  of  conducting  research  a£d  development  aimed  at 
improving  manufacturing  processes.     At  the  time,    there  were  no 
models  of  such  R  *&  D        today  there  are  many.     Tne  Engineering 
Re-s^lrc'h  Center  has  been  copied  by  Siemens  in  West  Germany, 
Nippon  Electric  in  Japan,   plus  many  in. the  yjrUted  States.  Our 
o  ^*rtrch  ranges  from  advanced  automation  and  robotics*  to>  laser  " 
agg^ications  in  manufacturing  to  optical  fiber  processes, 
semiconductor  processes,  polymer  processes  to  electronic 
testing,  statistical  analysis  and  computer-aided  manufacture. 

Since  "T958,   the  Engineering  Research  Center  has  carried 
s out  an  extensive  program  of  manufacturing  research  and 
development,  which  has  resulted  in  significant  developments  in 
manufacturing  process  technology  and  has  enhanced  AT&T's*^, 
ability  to  produce  high  quality  cost  effective  products. 
Research  and  development  on  manufacturing  essentially  entails 
engineering  research  conducted  in  close  partnership  wifch 
scientific  research. 
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•I  am  pleased/   t hurt* torn ,   to  see  sponsorship  of  bil  ls  to 
advance  engineering  research  because  our  experience,  as  well  as 
that  of  I.   R.    I.   members,   has  shown  th|t  research  and 
development  of  manufacturing  processes  are  so  cost  effective  in* 
giving  industry  competitive  processes.     I   feel   the  U.   S.  has 
not  emphasized  engineering  research . enough :     I  would  like  to 
compliment  the  sponsors  and  the  Committee  on  focusing  attention 
that  will  encourage  and  support* engineeri ng  research, 
especially   in  universities  where  we  have  4  double *benef it „  The 
first  benefit  has  been  the  value  of  the  research  itself  to  the 
nation's^  industries;   and,   equall^  important,  has  been  the  value 
of  educating  eng ineering .students  in  leading  edge  research. 

At  the  AT&T  Engineering  Research  Center*   we  have  found 
that  whenever  we  tackle  a  problem,  an  interdisciplinary  team  is 
*    best.     We- 'do  not  assume  "it  ^s  a  mechanical  engineering  problem, 
^an  electrical  engineering  problem,  a  chemical  problem,  a 
physics  problem  or  a  mathematical  problem.     We  assemble  a  team 
with  a  wide  range  of  engineering  and  scientif ic  backgrounds, 
because  today's  manufacturing  problems  involve  them  all. 

For  example,    it  ts  no  accident  that  the  AT&T 
Engineering  Research  Center  developed  the  first  industrial  use 
ot  a  laser.     The  apparatus  is  now  in  the  Smithsonian*     In  the 
early  60' s,  we  assembled  a  team  of  electrical  engineers, 
mechanical  engineers,   physicists  and  material  scientists  to 
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investigate  Laser  appl  lent  ions  to  manufacturing  .     Similar  teams 

are  still  finding  new  applications,   and  today  we  have  over  500 

lasers  at  work  in  our  factories. 

Wo  work  in  close  collaboration  «with- AT&T  Bell* 

\ 

Laboratories1  engineers  and.  scientists.     Often  Bell  Labs  will 

create  a  new  product  concept  using  new  materials,  and  the 

Engineering  Research  Center  will  work  with  them  to  develop  an 

efficient  manufacturing  process.     For  example,   Bell  Labs'.  * 

scientists  developed  a  product  concept  that  required  thin 

tantalum  films  to  be  deposited  in  a  vacuum.     The  Engineering 

Research  Center,  us ing  , an  ..interdisciplinary  team,  worked  to 

u 

develop  a  process  so  that  parts  could  be  moved  in  and  out  of  a 
vacuum  at  hiqh  rates  to  create  high  quality,    low.  cost  films. 
Tho  result,  was  an  in-line  automated  vacuum  deposition  mach-ine 
which  wa.s  reatfy  for  production  when,  the  {product  .design  was 
finalized. 

I  cite  these  examples  to  emphasize  my  conviction,  based 
on  oux  experience  that  Interdisciplinary  teams  are  important, 
indeed  necessary,   for  the  most  creative  solutions  to  today's 
compLex  manufacturing  problems.     I  would  therefore  like  to 
encourage  you  to  find  ways,   as  you  move  to  support  engineering 
research,   to  also  emphasize  close  collaboration  between 
engineering  and  science.' 

One  way  you  might  consider  doing  this  would  be  to  link 
the  new  engineering  research  emphasis  to  existing  science 
research  programs  and  agencies.     Expanding  the  role  and  charter 
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ot   t \u\  National  Science  Foundation,   as  has  aLroady  been 
proposed,   to  include  not  only  funding  and  emphasis  on 
engineer inq  research  but  on  programs  and  concepts  to  enhance 
engineering  and  science  collaboration  would  be  a  great  benefit 
to  the  nation.     This,  of  course,   should  not  be  at  the  expense 
of  the  current  scientific  research...   Such  a  change  may  be  more 
efficient  and  may  help  in  your  perceptive  emphasis  on 
coordination  and  communication  among  government  agencies, 
universities  and  industry.     Better  communication  and 
information  exchange  among  engineering   research,  scientific 
research,  and  especially  interdisciplinary  research  teams 
throughout,  the  country  will  greatly  enhance  t^he  u.  S. 
competitive  position.  j  ■ 

AT&T  is  a  member  of  the  Industrial  Research  Institute 

because  'we  want  to  be  a  part. of  an  effort  to  promote  improved^ 

■  M* 

economical  and  effective  techniques  of  organization  and 
peration  of  industrial  research.     As  I  talk  to  individual 
embers,   I   find  they  feel  as  I  do  tha*:  the  need  in   this  country 
is  to  provide  incentives  and  focus  for  private  industry  to 
carry  out  industrial   research,   as  well  as  a  need  to  emphasize 
and  aid  engineering  research  in  our  universities.     For  example, 
in  the  emerging  field  of  robotics  research  there* are  many 
programs  in   industry.     There  are  altio  many  university  programs 
underway  or  being  developed.     The  need  is  not  so  much  to  create 
additional   research  centers  as  it  is  to  support  and  fund 
university  equipment  and  to  develop  communication  among  the 
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Nation's  resources, 

I  would  like  to  thank  you  for  th*  « 

y  u  ror  tne  opportunity  to  ' 
comment  on  hheqp  ' 
GSe  VGry  lmP°^ant  deliberations. 
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Mr.  Clegett  began  his  Western  Electric  career  in  1956  at  thu 
Baltimore  (Md.)  Worka,  holding  engineering  assignments  there 
•  and  at  the  Bnaineerino  Research  Canter  in  Prinoeton,  New  -* 
'    Jersey.    He  advanced  in  supsrvieorV  ranks  with  assignments 
in  Manufacturing,  Ball  Bales,  Corporate  Engineering,  and  Prod- 
uct Planning,    Currently  he  heade  the  AT&T  Engineering  Re- 
search (Center  in  Princeton,  New  Jea^iey, 

Mr.  Clagett  aerved  aa  chairman  for  the  National  Communications 
JOrum  and  th^National  Blectronica  Conference  for  the  ?yaar  1978  i 
Currently  he  ie  a  member  of  the  Educational  council  of  the 
Maaeachueette  inetituteof  Technology,  and  ie  *  Visiting  Pro- 
feasor  et  Rutgers  University. 


ISO 

Mr.  Bkown.  Thank  you  very  much,  Mr.  Clagett,  for  your  very 
helpful  presentation.  / 

Mr.  Clagett,  can  you  give  me  any'cl^f as  to  the  size  level  of  an 
organization  at  which  it  becomes  jusjned  to  do  the  sort  of  thing 
that  ATVfcT.has  done— that  is,  to  create  an  engineering  research  ca- 
pability? You  were  uniqup  when  you  started  that. 
Mr.  UlagetTp  Yes,  we  were.  '  .  yi  ' 

Mr.  Brown.  I'm  interested  in  when  it  becomes  feasible  and  desir- 
able, and  what  are  the  circumstances  that  create  the  motivation  to  % 
\   do  this,  which,  in  retrospect,  seems  to  have  been  such  a  useful  step  •*  ^ 

for  you*to  take.  .  '  •  '* 

. .  v  .  Mr.  Cij^gett.  Well,  I  believe  -we  started  because  at  that  time 'we 
•  ^  were  fairly  uniqufr  in  that  yve  had  our  design  of  oUr  product  by  the 
Bell  Laboratories.  . 
y    Rertiember,  we  were  then  vertically  interacted.  We  were  a^  the 
time  much  involved  in  tjje  new  semiconductors.  The  first  transistor 
hafl  been  ttiade  at  ou*  plant  in  Aljentown,  PA,  just  a  few  years  \ 
'befbre  we'started,  ttfid  the  problem  Was  to  develop  long-range  man.  s 
ufayturing  research,- frankly,  away  from  the  factory. 
.  The  factory  environment  to  do  long-range  research  isn't  so  good. 
:  You.  get  problems  on  the  factory  floor,  and  the  foreman  calls  your 
■V.  'engineers  in  to  solve  those  problems,  and  so  that's  tough. 

W£  started  by  moving  some  of  our  better  engineers  from  around 
our  factories  to  a  separate  location  with  about  30/35  people  and  we 
did  goqd  research  at  even  that  leyel* 

So  it  doesn't  take  a  huge  effort  What  it  takes  ia  some  small  por-  v  v  ,  \  , 
tion  of  dedicated  pep^e  focused  on  those  kinds  of  problems,  and  < 
ey6n  at  that  small  level1,  the  research' teams  were  interdisciplinary. 
-    Now  I  must  say,' J  was.  thete  at  that  time  in  1958.  Since  I  ve  been 
,  back  the  last  4  years,  the  character  of  that*  research  Center~we 
have  about  500  people,  about  200  professionals— apd  the  research 
has  changed,  because  today  we  have  many  more  advanced  degree 
people  and  a  wider  variety' of  disciplines.  What  I  see  today  is  a 
much  better  understanding  of  the  science  of  the  work  that  we're 
doing,  which  is  quite  powerful.  That  allows  you  to  reapply  it. 
.    Solkwould  think  /hat,  to  answer  your  question,  the  firm  does  not 
have  lb  be  too  large  to  devote  specific  effort  to  manufacturing  re- 
search. Both  the  Siemens  effort  fend  the-  Nippon  Electric  efffort  is 
about  half  that— about  250  people.  4 
Mr.  Brown.  In  terms  ol  the  size -of  the, engineering  research 
-  effort  to  the  size  of  the  institution,  l^t's  look  at  budgets,  Are  we 
*  talking  about  a  fraction  tof  &  percetit  that  goes  into  the  research 
effort— a  fraction  of  1  percent  or  something  like  that,  of  jte  it  2  or  3 
iter cent?  "  '        •  - 

Mr.  Clauett.  Well,  I  would  say  for  our.  company  it  probably  is 
somewhere  between  1  and  2.  Rememb*r  that  my  budget  :i6  qui^e 
small,  but  then  I  work  with  all  the  manufacturing  engineers  at  our 
factories.  v         >  v 

Mr.  Bhown.  Yes.  ' 
Mr.  Ci^jktt.  Any  of  the  research  we  do  doesn't  mean  anything  - 
unless  it's  implemented  and  put  in  the  factory.  So  I  really  m'uit  say 
that  the  engineers  and  scientist^at  our  factories,  and  that  Indudes  v 
branch  groups  of  Bell  Laboratories  at  those  factdries,  really  mulfci- 
ply  what  we  do  by  applying  it.  It's  still  relatively  small  ;>  . 
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Mr.  Brown:  Yoh.  Vw  trying  to  see  how  this  fits  in|p  some  of  the 
•  other  things.  >'  '  %  * 

For  example,  in  some  of  our  defense  contracts  and  other  con- 
tracts, we  altow  a  small  percentage  tor  independent  research  as  a 
part  of  the  contract.  It's  almost  comparable  to  wjfrat  you're  talking 
about  in  terms  of  your  budget  hel*e. 

Mr.  Clagktt.  Ye^  .        "•  ^  , 

Mr.  Brown.  Its  on  the  order  of  1  percent  or  something  like^that 

Mr.  Cuvosrrr.  Yes.  ^  *  ■ 

Mr.  Brown.  So  it  is  not  out  of  line  that  an  enterprising  organiza- 
tion would  fpcus  this  kind  of  resources  on  their  problems. 

Were  you  motivated  to  move  into  it  at  the  time  you  did  because 
you.  were  also, undergoing  a  fairly  substantial  change  in  techriolo-* 

gy?      .  '   v  . 

'    Mr.  Ci<AGfsrr.  No  cjuestion,  , 

Mr.  Brown.  Semiconductors  versus  vacuum  tubes  or  whatever  it 
was i  so  that  you  felt  the  need  to  have  this  additional  kind  of  thing? 
You  weren't  facing  the  prospects'  of  bankruptcy  or  anything  like 
that,  were  you?  [  v  • 

.Mr.  Clagktt.  Not  at  that  time;  no! 

Mr/BKOWN.  No.  *  .  t 

Now  thQ  question  that  I  have  is  why  an  organization  \ ike  yours 
♦proceeded  along  this  path,  which  has  been  so  valuable,  and  other 
organizations  and  industries  did  not.  And  we'll  take  a  look  at  one 
that  gets  a  lot  of  brickbats  at  this  time,  the  steel  industry. 

-The  steel  industry  has  never  seemed  to  feel  the;  need  to  devote 
resources  to  research  in  manufacturing  technologies,  at  least  to  my 
knowledge.  NoWido  you  have  any  knpwledge that  contradicts  this? 

Mr.  Ci^agftt,  I  don't  have  any  knowledge  that  contradicts  it;  no. 
I've  often  wondered,  too.  They  have  done  a  lot  of-wotfk  on  materi- 
als; but  on  the  processes,  I  have  to  agree  wiflTyoUj  v\y  impression 
isi  not  too  much. 

Mr.  Brown.  Yes.  Well,  they  mav  have  felt  that  they  had  reached 
perfection  in  manufacturing  processes  for  steel  and  that  there  was 
no  need  for  additional   ' 

Mr.  Clagktt.  Well,  I'm  not  sufe  that  it  was  the  research.  I  know 
some  of  the  research  facilities— for  example,  one  fairly  ,near  us  in 
Bethlehem  that  Bethelehem  Steel  has— but  I'm  not  mre  about  im- 
plementing those  in  industries  like  the  "steel  industry  iif  terms  of 
getting  rid  of  the"  old  processes/the  hufce  capital  investments  in  the 
old  processes,  versusi-recapitalizing  for  the  new. ones. 

I  do  know,  of  course,  as  you  do,  that,  there  {sj#*<\  was  even  a 
greater  difference  between,  the  depreciation  rates  in  the  competitor 
nations— Japan  and  West  Germany— versus  ours  that  surely  would 
have  encouraged  over  time  modernization  of  those  plants,  so  I'm 
not  sure.  1  . 

It  wyuld  be  interesting  to  see  if  they  didn't  develop  the  processes 
but  couldn't  afford  to  put  thtfm  in  place.  t 

Mr.  Brown.  Well,  (here's  no  question  but  what  the  tax  structure 
has  a  much  greater  effect  on  decisionmaking  than  almost  anything 
else,  but  ifr  seems  to  me  that  any  large-scale  industry  or  enterprise 
ought  to  protect  its  future  income  and  status  with  a  8frmll  amoui^' 
of  research  that's,  aimed  at  exploring  the  future,  .basically,  and  too.*" 
many  of  our  industries  aren't  aofpg  that. 


I  heard  on  the  news  in  the  last  day  or  two,  that  the  Bethlehem 
plant  at  Sparrows  Point  is  jiist  beginning  to  modernize  with  A- con- 
tinuous caster.  Continuous  casters  are  not  a  new  technology. 

Mr.  Claoett.  That's  right. 

Mr.  Brown.  They  are  an  old  technology,  and  they  may  be 
waking  up  just  one  generation  too  late  to  the  needvto  modernize. 
But  that's  anbther  point. 

Whfct  Vm  basically  trying  to  explore  with  you  are  the  factors 
here  which  are  conducive  to  our  maintaining  bur  technological  su- 
periority and  leadership  in  this  country,  and  I  sometime^  api  forced, 
to  the  conclusion  that  its  not  what  government  does  or  what  most 
.  industries  do,  it's  due  to  some  upsurge  of  wisdom  and  leadership  at 
a  particular  tinje  and  place,  which  is  very  hard  to  create. 

Mr.  Claoett*.  Yes,  it's  hard  to  create,  but^-J  fully  agree  with 
what  I  think  you  are  saying.  I  get  a  feeling  that,  indepd,  industry, 
government,  and  university  now  see  the  need  in  tfee  United  States 
to  emphasize  engineering  research  and  manufacturing  research, 
and  they  are  all  doing  it. 

I  do  believe  th®Fe  is  still  a  problem,  of  course,  as  I  mentioned,  of 
having  the  cashflow  to  put  in  new  facilities,  but  on(e  of  the  major 
problems  we  now  face  is  creating  enough  engineers,  especially  ad- 
vanced degrees  who  have  the  research  knowledge.  We  are  increas- 
ing at  the  bachelor  level  in  our  enrollment,  but  not  fft  the  master's, 
and  in  fact  are  dropping  at  the  Ph.D.  level,  and  we  need  to  empha- 
size that.  '  . 

That's  why  I  feel  that  the  one  thjng  that  could  be  done  would  be 
some  help  to  the  universities,  not  only  |-esearch  programs,  but  espe- 
cially in  equipment  for  that  research.  That  would  not  qply  give 
better  research  out  of  those  universities  but  then  would  allQw  those 
students,  of  course,' to  be  familiar  with  the  curreht ^tattf  of  the  art. 

Mr.  Brown.  Now,  does  the  Industrial  Research  Institute  ever  un- 
dertake to  make  policy  studies  arid  recommendations  basid  upon 
the  experience  of  its  members  that  really  represent  the  core  of  oxxf 
researtFh  capabilities?  * 

Mr.  Claoett.  Yes.  Yes;  it  has  in  the  past. 

Mr.  Brown.  Because  that  could  haVe  a  powerful  infl|4ence  on  the 
decisionmakers,  both  in  the  corporations  as  well  as  in  the  political 
setting,  and  maybe  the  university  setting,  too. 

I  observe  that  the  National  Acadetny  of  Engineering  is  doing  a 
study  on  the  needs  for  engineering  research.  Are  you  participating 
.  in  that?  ,  i 

Mr.  Clagett.  Yes.  I'm  on  a  subcommittee' of  the  manufacturing' 
board  Of  the  research  council  sponsored  by  it. 

Mr.  Brown.  It  seems  to  me  that  thgjfcan  do  a  useful  job  in  terms 
of  sensitizing  our  corporate  and  poliu^jNeaders  to  the  needs  for 
possible  changes  in  policy  here  also.  n 

Mr.  CijAgett.  Yes,  and  the  academy  is  going  to  have  a  forum  in 
the  fall  focused  jost  on  that.  *         %  , 

Mr.  Brown.  Well,  basically  this  hearing,  you  know,  is  an  expta 
ration  of  what  it  is  that  we  couldlbe  doing,  dnould  be  doing,  can  do; 
that  migty  help  us  achieve  these  nationalsgoals.  T 

We're  sometimes  accused  of  tryin(Lto>  subvert  the  government  or 
society  with  these  proposals,  but  thglBkot  reftlly  the  purpose1  here. 


Most  of  uh  in  Congress  and  on  thiH  committee  are  aware  that 
there  are  problem**  which  have  been  festering  here  for  a  number  of 
years  and  which  we  don't  seem  to  be  moving  on. 
,<  Now  I'm  not  totally  pessimistic.  A  lot  of  good  things  have  hap- 
pdnejk  This  release  of  capital  funds  as  a  result  of  the  changes  in 
the^capital  gains  laws  has  been  an  impressive  achievement  for  the 
bfginning  of  a  lot  of  new  research  and  development  type  activities, 
as  Congressman  Hitter  pointed  out,  but  we  still  are  a  long  way 
frorti  achieving  everything  that  we  need. 

You  haven't  come  down  on  any  particular  recommendations  hs 
far  as  the  legislation  before  us  is  concerned,  have  you?  ^ 

Mr.  Clagett.  Well,  I  think  in  general  that  it  would  be  better  t^ 
focus  whatever  funding  could  be  made  available  to  enlarge  the  en- 
gineering research  charter  of  the  National  Science  Foundation. 

Mr.  Brown.  Well,  we  are  moving  in  that  direction,  you  know. 

Mr.  Cij\gktt.  That  would  be  a  plus. 

Mr.  Bro\v&  We're  expanding  the  buaget  there  in  the  foundation. 
We're  emphasizing  this  need  that  you  have  stressed.  We've  digni- 
fied the  activity  a  little  more  by  some  cosmetic  changes,  and  we 
may  be  able  to  see  some  results  there  which  will  be  a  tribute  to  the 
awareness  of  the  science  foundation  of  the  significance  of  this,  too. 

Mr.  Claoktt.  Yes.  And  then,  as  I  said,  I  would  like  to  see  empha^ 
sis— and  it  might  be  part  of  any  such  change— substantial  empha- 
siti  on  interdisciplinary  Research  and  communication.  I  beliefffe 
that's  quite  important  in  our  future. 

Mr.  Brown.  Do  you  have  any  questions  of  this  witness? 

Mr.  Waixsren.  No. 

Mr.  Brown.  OK.  All  right.  Thank  you  very  much,  Mr.  Clagett. 
Mr.  Ci,ac;ktt.  Thank  you. 

Mr.  Brown.  Our  next  witness  will  be  Dr.  Russell  Drew,  vice 
president  for  professional  affairs  of  thelEEE,  which  I'm  told  is  the 
largest  organization  of  professionals  in  the  world,  or  some  fantastic 
story  like  that. 

statement  of  dr.  russell  c.  drew,  vice  president  for 
professional  affairs,  institute  of  electrical  and 
Electronic  engineers 

Dr.  Drkw.  Yes,  Mr.  Chairman. 

We*rA  now  celebrating  our  100th  year  of  electrical  progress,  and 
we're  Very  proud  of  the  history  and  tradition  and,  'in  fact,  the 
record  of  involvement  in  matters  In  which  we  share  a  great  desfl  of 
common  concern  with  this  committee. 

I  certainly  wanted  to  compliment  the  committee  on  its  hearings 
and  on  the  challenging  agenda  that  it'§  put  before- public  policy 
makers  irv  this  area  of  technology  policy. 

As  I  safy,  it's  an  area  that  we  in  the  IEEE  have  attempted  to  deal 
with  and  have  addressed  in  a  number  of  ways,  and  I'd  like  to  share 
Homo  of  the  views  of  the  IEEE  and  ptu*haps  some  of  my  personal 
views  to  supplement  those. 

I  come  from  the  small  business  community  now,  and  I'm  afraid 
my  view  of  the  health  of  the  manufacturing  technology  industry  in 
the  United  States  perhaps  is  slightly  different  than  AT&T's  or 
IBM's  or  the  GE's  fitfid  Westinghouses. 


Mr.  BitoWN.  It  h  no  less  important  than  those,  is  it? 

Dr.  Drew.  No,  sir.  I  would  like  to  suggest  in  my  remarks  today 
that  perhaps  small  business  may  be  just  the  catalyst  that  makes 
the  larger  part  of  our  system  respond  and  maintains  thqir  muscle 
tone,  if  you  will,  and  gives  them  the  challenges  that  cause  the 
entire  private  sector  in  the  United  Stgjtes  to  work  the  way  it  does. 
That  may  be  a  slight  overstatement,  but  in  any  event  I  think  I  be- 
lieve it.  , 

I'd  also  like  to  start  out  on  the  premise  that  we  all  share  a  con- 
viction about  a  commonly  heard  adage,  and  that  is,  "if  it  ain't 
broke,  don't  fixjt."  There  is  much  in  the  technology  policy  of  the 
United  States  which  is* right.  There's  much  about  the  U.S.  industri- 
al system  that  is  Avorking  right.  * 

Just  today,  if  you  look  at  the  analysis  of  what's  happening  in 
Europe,  you  find  in  the  morning  newspaper  a  report  that  the  Euro- 
peans, despite  large  centralized  planning  and  investments,  are  still 
looking  to  the  United  States  as  the  technological  leader.  The  objec- 
tive that  they  have  to  try  to  somehow  or  other  keep  pace  with  and 
the  targets  to  which  they  are  trying  to  move  really  lie  in  the 
achievements  that  we  have  made  h6re  in  the  United  States, 

So  I  think  We  start  out  with  the  premise  that  basically  we  have  a 
very  solid  system,  and  the  things  that  we  have  been  doing  have 
been  achieving  generally  positive  results,  but  yet  in  the  preambles 
to  the  legislation  that  you  ve  asked  us  to  comment  on  this  morning, 
there  are  a  rtumber  of  problems  which,  in  fact,  show  that  not  all  of 
what  exists  is  right. 

There  are  some  problem  areas,  and  those  problem  areas,  I  would 
agree,  really  can  respond  positively  to  a  sensitive,  perceptive  appli- 
cation of  Federal  policy  and  Federal  attention, 

The  marketplace,  which  you  have  heard  a  great  deal  about,  I'm 
sure,  in  all  of  these  hearings,  and  we've  heard  about  a  great  deal  in 
the  public  policy  domain  for  t^e  last  3  years,  is  indeed  an  effective* 
regulator.  It's  an^effectiye  stimulant,  and  it's)  an  effective  mecha- 
nism for  weeding'out  some  of  the  less  productive  parte  of  society. 

But  I  would  suggest  to  you  that  moref  and  more  analysis  seems  to 
illustrate  that  in  that  marketplace  there  are  disincentives  that 
exist  that,  when  you'begin  to  look  at  them  an^l  you  relate  them  to 
what's  happened  to  our  competitiveness  ig  a  number  of  are^s,  show 
that  the  private  marketplace  has  some  significant  defects. 
\  Corporate  management  isn't  omniscient,  and  they're  not  en- 
dowed with  the  abilities  that  were  poinfed  out  this  morning  are 
also  not  available  to  government  bureaucrats.  In  fact,  people  re- 
spond to  the  incentive  systems  that  exist,  and  the  incentive  sys- 
tems that  exist  today  in  corporate  America  tend  to  favor  the  short- 
term  benefit  -the  positive,  bottom  line  effect  of  short-term  invest- 
ments rather  than  the  lonrger  term  investments  that' I  believe  are 
also  necessary  ih  terms  of  R&D  and  in  development  of  new  product 
areas. 

It  s  in  that  vein  that  I  believe  a  very  useful  example  of  Govern- 
ment operating  in  g  quite  positive  way  is  the  NASA  history  that 
was  mentioned  here  earlier  this  morning.  .That  aeronautical  re- 
search and  development  has  had  a  very  positive  effect;  it's  befcn 
stimulative;  i^'s  opened  the  doors  to  new  products  in  the  aviation 
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induHtry  that  would  not  have  been  possible  it  we  had  just  left  the 
marketplace  to  have  itH  own  way. 

So  in  considering  the  two  bills— the  National  Technology  Foun- 
dation and  the  other  bill  which  is  very  clone  to  it  in  some  ways,  the 
Advanced  Technology  Foundation  Act— we  like  to  come  down  on 
the  positive  side  and  suggest  that  we  think  there  is  a  definite  bene- 
fit in  pulling  together  a  number  of  these  functions  and  addressing 
what  is  a  veVy  large  gray  area  between  basic  research  support  on 
the  one  side,  in  which,  in  general,  everybody  tends  to  agree  govern- 
ment has  a  very  principal  role,  and  commercialization— the  actual 
development  of  products  which  are  going  to  be  sold  on  the  market- 
place there,  on  the  other  hand,  the  private  sector  people  who  are 
going  to  have  to  worry  about  marketing,  selling,  making  a  profit, 
really  have  the  essential  role. 

And  then  there  are  some  connecting  linkages  between  those  ex- 
tremes which  I've  called  this  gray  area,  and  it  seems  to  me  that 
gray  area  is  the  sort  of  thing— it  s  t\\p  proper  focus  for  the  institu- 
tion, the  Natiopal  Technology  Foundation,  or  perhaps  an  Advanced 
Technology  Foundation. 

So  for  the  most  part,  we  would  tend  to  agree  with  the  functions 
and  with  the  assigned  responsibilities.  I'd  Tike  to  highlight  a  few 
exceptions,  however. 

One,  is  the  question  of  the  engineering  directorate  in  the  Nation- 
al Science  Foundation  and  a  recognition  of  what  is  happening^  at 
the  National  SciencV  Foundation  today*  which  basically  is  a 
reawakening,  if  you  will,  to  engineering  research  needs.  We've  seen 
*both  in  the  more  explicit  recognition  of  engineering  in  their  legisla- 
tive mandate  and  in  requests  for  additional  funding. 

We  think  that's  moving  in  the  right  direction  .and  that  such  re- 
search belongs  in  an  institution  where  comparable  research  is 
being  funded,  where  the  institutional  orientatiotf  is  toward  support 
of  university  research.  So  that  looks  like  it  probably  ought  to  stay 
where  it  is. 

There  are  a  number  of  other  pieces  which  address  this  gray  area, 
however,  which  seem  to  us  to  belortg  in  an  institution  where  they 
can  be  given  the  principal  attention.  They're  not  given  that  today 
at  NSF,  and  with  all  due  respect  for  the  efforts  of  the  Department 
of  Commerce  and  the  Office  of  Productivity,'  Technology,  and  Inno- 
vation, Jjftiat  hasn't  worked  either.  We  haven't  had  enough  dedicat- 
ed attention  to* this  area  in  order  to  bring  about  the  kind  of  posi- 
tive eftect  thflt  we'd  likt)4o  see. 

So,  in  general,  we  support  the  kind  of  amalgamation  of  these 
functions  into  a  separate  institution  where  they  would  be  the  prin- 
cipal objective. 

It  need  not  become  a  vfcry  large  granting  institution,  afld  as  a 
matter  of  fact  there  are  some  specific  provisions  of  the  Advanced 
Technology  Foundation  Act  that  would  cause  us  some  considerable 
%  uneasiness.  Principally,  that  has  to  do  with  largescale  grants  for 
industrial  development,  which  smacks  of  the  industrial  policy  of  4 
shoring  un  weakening  industries,  et  cetera.' That's  a  politklil'gftnie, 
and  it  will  be  subject  to  all  sorts  of  political  pressures,  find  I  don't 
think  tlfe  net  effect  will  be  positive.  So  we  would  like  jto  see  some 
of  th<w  functional  roles  played  out,  but  not  with  this  very  large 
open  ended  grant  authority. 
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One  of  the?  functional  roles  for  a  now  institution,  by  the  way,  is 
the  Federal  Industrial  Kxtensiyii  Service.  We  would  support  that, 
and  we  see  in  fact  that  this  provides  a  nice  baHis  for  bringing  those 
two  bills  together  perhaps  in  some  amalgam  where  the  Industrial 
Extension  Service  would  not  be  lost,  and  would  in  fact  become  part 
pi',  say,  a  National  Technology  foundation. 

The  recipient**,  or  the  benefits,  of  such  an  extension  service  are 
going  to  be  largely  in  small  business,  not  big  business,  and  so  look- 
t  ing  at  it  from  my  end  and  being  in  the  midst  of  a  product  develop- 
ment cycle  right  now,  I  can  see  the  benefit  of  being  able  to  reach 
out  and  utilize  such  a  service  if,  indeed,  it  existed  today.  Unfortu- 
nately, it  doesn't. 

I'm  in  northern  Virginia,  and  we  are  going  to  receive  a  high 
^technology  center  sometime  downstream.  I  could  use  some  of  those 
services  today.  And  so  we  are  finding  other  ways  of  trying  to  ac- 
complish that  purpose. 

As  a  consequence,  however,  I  can  see  the  benefit  of  this  industri- 
al extension  service  and  would  like  to  see  it  become  part  of  any 
amalgam  that  you  may  be  considering.  We  in  the  IKEE  would  be 
very  happy  to  provide*  our  additional  thoughts  and  perhaps  some 
assistance  if  you  ar^  thinking  about  redrafting  the  legislation  with 
that  in  mind- 
All  right.  Let  rue  go  on  to  theu)ther  two  bills  which  basically  call 
for  studies. 

I  would  like  to  point  out  that  we  are  opposed  to  those,  not  that 
we  don't  suppor  t  the  statement  of  the  problem;  it's  just  that  solving 
tKfc  problems  in  the  ways«that  are  ^escribed  strike  us  as  being  en- 
tirely too  oversimplified,  and  it's  largely  a  mission  impossible. 

So  we  think  that  chartering  such  studio*  would  be  largely  a' 
waste  of  money  and  time  and  that  the  large,  global  study  which 
deals  with  all  of  the  problems  and  tries  to  wrap  them  up  -which, 
in  fairness,  has  been  tried  before,  I  thinkjin  various  national  com- 
missions, going  back  at  least  probably  '20  years  -just  really  doesn't 
get  you  very  far.  More  than  likely,  putting  the  institutional  struc- 
ture that  we're  talking  about  in  place,  giving.it  an  assigned  respon- 
sibility, and  an  adequate  budget,  will  be  a  much  better  course  of 
action 

I  think  the  other  one  point  thai  1  wanted  to  raise  is  a  point  in 
reference  to  a  small  prjurision  in  the  Advanced  Technology  Founda- 
tion Act  which  talks  about  making  loans  to  assist  in  the  commer- 
cialization in  other  words,  the  R&I)  leading  to  commercialization. 
That  provision  could  be  labeled  something  like  the  NRDC,  which 
exists  in  the  United  Kingdom,  dnd  in  the  United  States  we  have 
resulted  that  for  some  time.- 

I  Wanted  to  point  out  to  this  committee  and  I  would  assume  you 
are  probably  aware  of  this,  but  let  mo  point  out  that  the  United 
States  has  supported  such  an  institution  in  the?  Bi  National  Indus- 
trial  R&I)  foundation,  which  operates  on  the  basis  of  an  endow 
meat  that  was  funded  by  the  United  States  and  by  the  (iovernment 
of  Israel  The  objective*  of  that  foundation  is  to  do  precisely  this  is 
to  make  R&I)  investments  that  will  load  to  commercial  izahle  prod- 
ucts on  a  basis  for  which  in  which  there  is  Repayment  of  that 
R&I)  investment  to  replenish  the  fund. 
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That  has  been  working  quite  well.  The  success  rate  has  been 
very  high,  and  it  does  appear  as  if  there  are  things  which  are 
coming  on  line  which  may  not  have  indeed  been  developed  without 
that  type  of  support.  So,  in  general,  I  would  be  in  favor  of  doing 
something  like  this  on  a  relatively  small  scale, 

The  Bird  Foundation  operates  on— started  operating  on  a  smalt 
scale  of  about  $3  million  a  year  from  Jtheir  endowment.  It  may  be 
true  that  tjhie  larger  you  get,  Ihe  more  unwieldy  and  impossible  it  is 
to  get  good  products  or  good  projects,  but  I  think  it  would  be  worth 
doing  this  or  beginning  to  open  the  door  to  this  possibility.  I  think 
it  would  provide  some  stimulus,  primarily  for  smaller  businesses, 
and  it  is  the  small  businessman  and  wjhat  he  can  provide  as  a  chal- 
lenge for  the  larger  business  structure  of  thi&  economy  which  I 
think  is  one  ot^the  keys  to  our  success. 

WqW,  I  have  tried  to  hit  some  of  the  highlights  of  my  testimony, 
Mr.  Chairman.  I'd  be  happy  to  answer  any  questions  you  may 
have. 

[The  prepared  statement  of  Dr.  Drew  follows:] 
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Mr.  Chairman  and  Members  of  the  yu-beommi  ttee  t 

It  is  a  great  pleasure  to  respond  to  your  invitation**  to  testify 
tooay  on  technological  innovation  in  the  ^nited  States .     This  is 
a  matter  that  hao  been  ot  major  concern  to  me  personally  and  also 
to  the  institute  of  Electrical  and  Electronics  Engineers  (lhhh), 
in-which  1  serve  as  the  Vice  President,  Professional/ Activities.  , 

7 .  \ 

The  lbfcfc  is  the  world's  largest  technical  professional  society, 

/  ' 

wit))  about  250,  UUU  members,  of  which  over  200, 000  live  and  work 

in  the  United  States.     Our  member 4  work  in  industry,  government, 

•  '  .\ 

and  academia,  and  over  the  past  decade  have  become  much  more \ 

involved  with  ^the  public  policy  process  in  government.     The  ranye 

of  issues  that  are  of  concern  to  us  is  rather  large,   in  keeping 

tfith  the  diversity  of  our  membership  and  the  expertise  they 

possess. 

Many  of  our  interests  fall  within  the  rubric  "U»£#  technology 

policy*'  ,  and  it  has  been  our  practice  to  sponsor  a  major  conference 

on  this  topic  here  in  Washington,  currently  on  a  biennial'  basis* 

V 

In  this  way  we  have  sought  to  focus  attention  on  specilic  aspects 

of  technology  policy  and  to  briny  out  various  perspectives 

regarding  both  major  issues  in  the  area  as  well  as  suggested 

corrective  measures.  \ 

X t>  is  therefore  particularly  encouraging  for  us  to  observe  the  ^ 

active  concern  for  such  issues  that  has  been  reflected  in  the 

topical  hearings  conducted  by  this  subcommittee .     We  applaud  your     *  " 


144 


140 


continuing  efforts  to  develop  morn  effective  technology  policy 
for  the  U.S.  and  hope  we  will  be  able  to  contribute  to  your 
deliberations  from  time  to  time.     In  accordance  with  your  requests, 
my  remarks  will  be  addressed  to  tour  bills,  h . R.  4bl,   H .  K.  4J01„ 
H.R.   1243  and  H.rt.  2525. 

U.K.   4«1,  THE  NATIONAL  TECHNOLOGY  FOUNDATION  ACT  Of  19*3 
It  was  in  connection  with  the  1979  ifckfc;  U.S.  Technology     Policy  * 
Conterence  that  one  of  our  leaders,  Dr.   Bruno  o.  Weins,chel,  first 
discussed  bhe  concept  ot  a  National  Lngineering  Foundation  au  a 
vehicle  tor  carrying  c^t  a  number  of  functions  that  appeared 
Important  to  address  our  growing  concern  about  the  international 
^competitiveness  of  u.  s.  industry.     Dr.  Weinschel's  perspective 
Las     further  elaborated     in     hie    testimony    before     the  Senate 
jovernmentAl  Affairs  Committee  on  July  25,  1979,     addressing  the 
[concept    of    a    Department  of  Trade.     Although  some  of  these 
, functions  were  either  in  the  general  responsibilities  of  existing 
entities  or  could  be  Incorporated  in  them,  it  wae  felt  that  a  new 
strui/ture  was  needed  to  give  the  necessary  emphasis  to  tech- 
nological development  issues*     ugsjF  0GVeraI  Congresses,  this 
structure  has  evolved  to  the  current  form  represented  by  H.H.  481, 
which  you  are  considering  in  these  hearings. 


in  general.,  we  support  the  establishment  of  such  an  institutional 
structure  as  an  important  step  in  improving  the  way  in  which 
government  deal  spilth  its  policies  regarding  technoloy lcai  in- 
novation*,    we  have  reservations  about  specific  provisions  in  the 
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proposed  legislation,  but  the  concept  seems  sound  and  the  result 
would  oe  an  improvement  in  the  developmen t  ana  implementation .  ot 
technology  policy. 

On  ths  positive  side,  tJoe  NT*?'  would  briny  together  tor  trie  tiret 
time  unuer  a  separate  manayement  structure  many  of  the  various 
entities  that  have  missions  in  the  larye  gray  area  between  basic 
research,  where  the  government  role  is  well,  understood  and  accep- 
ted, and  commercial  application,  where  nearly  everyone  ayreee  the 
yove^mnent  invol vemeif t  shoulu  be  minimal.    (  It  is  in  true  yray 
are*  where  1  believe  the  most  important  and  creative  roles  tor 
government  to  stimulate  innovation  lie.    This  la  an  area  that 
primarily  involves  engineering  rather  than  basic  ecience,  out 
builds  uyon  the  insights  and  discoveries  of  the  research 

community  botn  in  science  and  in  the  eny meeting  disciplines. 

The  foTF  would  permit  a  strong  ^management  to  develop,  with  a 
substantial  analytical  capability,  in  order  to  refine  and  make 
more  effective  the  federal  efforts  in  this  area. 

The  challenges  facing  the  manayement  of  the  NTF  aife  substantial. 
Among  others,  there  is  the  effective  implementation  ot  the  btev-  4 
enson-wyuier  Act  of  i960,  including  an  expansion  in  the  number  ot 
generic  technology  centers  over  those  sponsored  uy  the  NbF. 
Another  important  area  covered  in  the  bill  as  support  tor  high 
tecnnology  small  business*     Such  small  Dullnesses  are  a  Key  part 
qt  our  industrial  infrastructure  ana  supply  many  ot  the  new 
products  that  Keep  our  marketplace  so  dynamic.  Government  has 
already  taKen  action  to  give  greater  K  fa  b  opportunities  to  Small 
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Du»in««*.  through  the  Small  Bunntwi  innovation  Research  Proyrajrf 
mandated  by  l\b.   97-219.     In  this  proyr*in  the  major  HUD  perform- 
iny  ayencios  have  been  given  the  responsibility  of  contracting 
tor  R  u  i)  in  the  said  11  business  community  where  agency  practices 
have  generally  resulted  in  by-passing  email  businesses.     1  be- 
lieve that  -trite  program,   in  addition  to  the  oeneflt*  if  will 
bring  to  the  agencies  involved,  will  also  have  a  beneficial 
ettoct  in  stimulating  industrial   innovation  across  a  broad  front. 

/ 

It  ib  this  type  ut  creative  use  of  a  federal   stimulus,  either 
through  t inane  id 1  or  other  support,  especially  where  market  de- 
tects exist,   that  can  be  carried  out  ny  the  NT  I? .     1  don 1 1  oe- 
1  W»ve  that  we've  uuen  clever  enough  or  perceptive  enough  to  nave 
invented  all  the  beneficial  ways  that  government  carl  act  to 
aoslst  the  process  of  technological   innovation.     What  seems  clear 
to  me  is  that  the  existing  structure  where  such  actions  would  be, 
carried  out  is  either   fragmented  or  buried  inside  larger  entitles 
m  which  thebu  issues  are  not  major  concerns,  and  because  of  this 
we  ate  not  doing  as  well  as  we  might  in  applying  our  national 
technological  -  capabilities. 

»t.arller  this  year,   1  appeared  before  this  subcommittee  to  testify 
on  the  budget  of  the  National  Science  Foundation,   and  on^-the 
proposal   to  include  engineering  more  explicitly  in  its  legisla- 
tive mandate.     At  ^hat  time,    1  expressed  our   support  tor  changes 
in  the  NSl;<  charter  that  would  place  additional  emphasis  on  its 
engineering    mission.     This  support  \*as  given  with  full  recogni- 
tion that  H.H.  481  would  assign  this  role  to  the  proposed  National 
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Technology  Foundation*  Today,   I  wish  to  reaffirm  our  support  for 
increase<*s^mphasis  on  engineering  in  the  NSF.  As  a  consequence, 
we  do  not  endorse  the  transfer  of  the  fcnaftffteer ing  Directorate  to 
..jfche  NTF  as  ^ropfceed  in  H « R»  481,     We  bas^  this  position  on  two 
major  factors*     one,  the  process  that  eniytfges  m\ist  of  the  budget 
qf  the  Engineering  Directorate  is  sud^ott  at  research  in  the 
engineering  disciplines  maihl'y  at  Colleges  and  universities  anu 
this  support  is  best  managed  in  an  agency  where  the  health  of 
basic  reeuarch  is  a  primary  mission;  and  tv/o,  the,  recent  recogni- 
tion  of  engineering  needs  by  the  National  science  Boara  and  the 
•Director  of  NSF  which  indicates  greater  sensitivity  to,  and 
willingness  .to  supporty;  priorities  for  increased  funding  di  re- 
search in  engineering* 

The  linkages  between  tulte  research  community* and  the  industrial 
practitioner  are  a^op  important  to  the  innovative  process,  ana 
-  h'  both  the  NSF  and  the  NTF  could  encourage  »uc;h  programs  with 

financial  and  other  support f    Basically; smV  image  of  the  proposed 
NTF  is  not  as  b*y*t*\\*\  entity  to  the  NSF,   focusing  Oti-  engineer 
iliy-%nvtaa'd''^/Mi«Ale««.  but  rather  as  a  complementary  institution 
which  deals  primarily  with  the  large  "gray  area"  between  the 
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utput  of  the  research  effort  and  its  transfer  and  ^application  to 
the  industrial  'or  .  go^*>nmWfW4,-s*tting  where  it  can  be  most 
useful •  "... 
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H  ♦  R.  4361, ^HK  ADVANCED  TfciihNuUJOY  FOUNDATION  ACT 

Ttte  role  jj  Aave  outlined  for  the  NTF  is  closely  related  to  the 
provisione/pt  H.R.4361,     Karlier  this  year,    I  al 00  * testi txea 
before  tfte  Committee  on  Uanxing,  Finance  and  Urban  Affaire  on 
this  biAl*     The  basic  message  that  1  attempted  to  convey  was  ojie 
of  shared  concern  over  the  problem  of  technological  innovation  in 
the  U.S.,  toward  which  the  proposed  Advanced  Technology  founda- 
tion is  pointed,  but' some  reluctance  to  endorse  all  or' the  fea- 
tures of  the  Foundation's  assigned  programs.  * 


One\¥of  the  more  creative  features  of  this  1  egislation-  is  their 
proposal  to  establish  a  Federal  Industrial  bxtenaion  Service* 
(Flb2>).     if  the  FlfciS    operated  in  •  the  same  way  as  the  agriculture 
equivalent,   It  should  be  of  great  benefit  to  small  business  or 
the  entrepreneur  and  would  strengthen  this  important  part  <?f  out  ' 
industrial  infrastructure*  However,  H.K.  4361  also  include*  a  ' 
provision  that  would  direct  the  FIES  to  Mprovide  grants  and  loans 
to  carry  out  industrial  extension  plans  and  programs".  This 
would  have  the  affect  of  substituting  government  intrusion  into 
the  marketplace  in  place  of  valid  and  quite  satisfactory  criteria 
for  the  investment  of  private  capita; ,     That  is,  as  a  Feshlt  of 
interest  group  pressure,    it  may  extend  the  life  of  non-essential 
industries  that  are  truly  declining  rather,  than  better  investing 
the  resources  toward  nurturing  newer,  and  therefore  possibly  less 
well  politically  represented,   technological  and  industrial  sec- 
tors.  *    We  oppose  such  provisions  as  unnecessary  and  quite*  iikely 
to  result  in  an  unfortunate  skewing  of  the  private  capital  mar-Hfc 
ket,  * 
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Where  the  roarKeti  la  already  akewed  or  biased,  however,  "there  may 
be  ar)  important  role  tor  Uie  Federal  government  to  help  till  gaps 
or  to  prbvlde  missirtg  incentives/   This  appears  to  be  the  case  in 
industry  today  where  the  emphasis  upon  short  term  financial'  , 

performance  the  -"bottom  line" — ~ieaves  longer  ..term  K*fc  V  invest- 

ments  under-funded.     The  problems  caused  by  attention  to  short, 
term  profitability  at  the  expense  ot  longer  term  investment  have 
also  been  exacerbated  by  a  variety  of  corporate  management 
problems,  such  as  lack  of  technological  training  and  awareness  at 
top  management  levels,  UcK'ot  appreciation  for  advanced  quality 
control  techniques ,  lack  of  attention  to  manufacturing  technology 
improvements,  and  poor  labor  practices.     These  are  problems  whicfi 
the  federal  government  cannot  easily  address.     providing  informa- 
tion arjd  analysis  to  guide  corporate  decisions  is  probably  the 
approach"  that  would  have  to  be  taken. 

A  more  active  role  may.be  desirable  in  the  aase  of  the  under- 
investment in  lonyer  term  R      U«     Here  there  may  be  a  role  for  - 
loans  or  other  types  of  repayment  contracts  for,  projects  intended 
for  eventual  commercialization,  but  which  are  too  long  terhi  for 
the  private  capital  markets  to  support.     This  provision  is  part 
of  H.R.  43bl..  *lt  la  very  much  like  the  National  Research  and. 
Development  Corporation  (NRUC)'  in  the  United  Kingdom,  which  has 
been  in  operation  for  a  number  of  years.     While  there  have  been 

mixed  reports  about  the  utility  of^ta*  NRUC  atjd  its  ability  to- 

"*  ^^^^  ** 
make  wise  choices  for  investment,  a  very  similar  organization 

which  has  been  1ft  operatiorr  between  the, U.S.  and  lerael  has  had  a 
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very  hiqh  success  rate,     Tlue  organisation,  the  bi-national  H  k  U 
(BIRD)  Kejuhaation,  was  established  with  an  endowment  of  U.b.  and 
Israeli  tund*  with  the  obgectiue^t  financing  joint  K  k  D  jgr£~ 
jepts  that  wuuld  lead  to  commercial  products.     A  repayment  provi- 
Bion#tor  successful  products  in  use\i.  to  ru^UniBh  and  buxlu  the 
fund.     Krom  raporu  I  hav«  Y«c«ive(i,  the  blRD  "foundation  has' 
operated  in  a  hiyhly  successful  manner,  and  there  xb  a  teasOnable 
prospect  that  such  d  fund  operating  solely  in  tne  U.S.  could  v 
also^be  operated  successfully* 

• 

in  nummary,   these  two  bills  address  the  same  generic  problems , 
anu  have  a  large  number  ot  attractive  features^,     it  wouid  appear 
that  an  'amalgam  ot  the  two  bill.e#  eliminating  the  features  that  I 
have  uescnbed,  woulu  make  a  very  attractive  package.     We  in  tne 
lbt.t  would*  be  pleased  to  provide  whatever  assistance  we  can  to 
aid  in  carrying  out  this  task; 

H  •  R  •    U43     AND     H.R.   252b,     THh  LCONOrflCALUY     STRATEGIC     INDUSTRIAL  * 
RUSKAKCH  AND  DtVbLO 1'M^.NT  ACT ,      AND  A  tULb  T(J  ESTABLISH  A  NATlOMHL 
COMMISSION         ON       TtipiNO  LOGICAL       INt&v/vTlON       AMD  INDUSTRIAL 
MOL) fcKN  1 36 AT  lO N .  ,  ,  e 

Both  ot  these>  bills. in  essence  define  studied  that  are  to  be 
conducted,   one  Under  the  direction  of  the  National  Academies  and 
the  other  by  a  spec I  commission:     In  both  ot  these  bills,   there  ^ 
artf  a  number  ot^erious  national  concerns  enumerated  and  problems 
identified  which. are  real  and  ot  current  unrest.     Unfortunate-.  *| 
ly,  the  assumption  of  both  of  these  bills  is  that  a  stuay,  either 
l*Y  experts  or  by  politically  attuned  groups  wild  be  able  to  otter 
solutions  to  these  problems*  %•>  . 
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For  example,   it  ii  suggested  that,   in  U.K.  i52b,     a  national 
industrial  strategy '  Could  be  defined,  Including  a  comprehensive 
plan  with  legislative  recommendations.     In  addition,  there  are  to 
be  recommendations  on  how  to  deal  with  such  diverse  ana  complex 
problem*  as  economic,  educational ,   and  industrial  priorities? 
education  and  training  of  students  and  workers  t*yr  tutur*  job 
skills;   retraining  of  workers;,  extending  new  technologies  to  Nail 
^jnerica'a  basic  Industries;  promotion  ot  exports;  relocation  of 
high  yrowth  industries  into  are**  ot  unemployment;  etc.     ^ny  ot 
these  issues  are  highly  resistant  to  simple  solutions,  ana  eacn 
one  ot  these  topics  would  be  a  very  chakieiiyiny  task  to  study, 
with  the  mandate  that  is  included  in  the  bill.     It  seems  an 


*      impossible  task  to  Lump  them  all  together  much  less  to  assign  a 
very  tigh*  time  limit  for  the  preparation  of  recommendations . 

A  very  similar  circumstance  applies  to  tne  study  ot  "economically 
strategic  technologies".     The  output  ot  such  a  etuay,  it  it  were 
to  be  carried  out,  would  have  the  character  ot  a  national  eco- 
nomic plan.     Such  planning  seems  inappropriate  in  a  democracy, 
and  particularly  in  such  a  large  and  complex  economy  as  the  U.S. 
wH*re  the  "iar ketplace  plays  such  an  important  role*     My  expecta- 
tion  Is  that  the  result  from  such  an  effort  would  be  partly  trite 
and  obvious,  and  partly  unbelievable,  arfd  1  would  not  want  *eu- 


eral  policies  set  o\\  such  a  basis. 
X 

In  summary,  we  are  opposed  to  tne  actions  proposed  in  these  two 
bills,  while  concurring  in  their  statements  ot  the  problems  to 

4 

which  they  are  addressed.  ' 

This  ends  my  prepared  statement,  Mr.  Chairman.  1  will  be  pleased 
to,  respond  to  any  questions  you  may  nave* 
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Mr.  BltffwN.  Thank  you  very  much,  I)r,  Drew. 

First  let  me  say  that  from  the  standpoint  of  the  committee,  J 
think  that  we  do  look  forward  to  continuing  to  work  with  you  and 
the  IKKK  on  refining  **ny  proposals  that  we  have  before  us  that 
se^k  to  bring  about  a  better  situation  in  this  area  of  technological 
innovation. 

I  would  say  that  we  have  a  continuing  responsibility  for  at  least 
observing  and  evaluating  the  effects  of  what  we  are  currently 
doing  as  well  as  suggesting  new  ways  to  do  these  things  better,  and 
if  we  do  our  Job  properly,  it  will  be  beneficial. 

Let  me  olfer  one  comment  with  regard  to  your  general  state- 
ments about  the  inadvisability  of  attempting  to  do  much  in  the 
way  of  targeting  or  planning  for  particular  industrial  segments. 

I  thjnk  that  you  were  correct  in  your  opening  statement  when 
you  said  that  the  Europeans  look  to  us  as  leaders,  in  part,  because 
we  do  have  a  greater  amount  of  freedom.  We  don't  seek  to  con- 
strain activities  through  national  planning,  and  probably  the  best 
example  of  the  weaknesses  of  that  are  in  the  agricultural  sector  of 
the  Knropean  Common  Market,  which  is  planned,  supported,  subsi- 
dized, and  is  probably  the  legst  efficient  part  of  the  European  econ- 
omy and  is  about  to  bankftipt  the  whole  economy  as  a  result  of 
that. 

Now  there  are  reasons  for  that,  and  t;hey  arjjJ  endemic  in  any 
Government  operation.  The  agricultural  sector  is  powerful  politi- 
cally and  is  able  to  get  what  it  wants  through  the  political  appara- 
tus rather  than  through  the  operations  of  market  decisionmaking, 
yOu  might  say.  That  can  happen. in  this  country  in  sectors  other 
than  agriculture.  It  happens  in  agriculture,  too,  here.  But  it's  a 
tfood  Example  .of  why  you  have  to  be  careful  in  seeking  to  have  gov- 
ernment intervention  in  something  that  can  be  better  controlled  by 
market  processes. 

Having  said  that,  I  think  there  is  still  a  role  for  Government  in 
some  areas. 

I  would  like  to  compliment  you  on  the  way  you  distinguished  the 
role  of  the  National  Technology  Foundation.  I  think  ygu  are,  pre- 
cisely correct  there,  and  I  want  to  give  some  thought  to  your  sug- 
gestion that  we  shouldn't  remove  the  engineering  activities  from 
the  National  Science  Foundation  because  it's  more  important  to 
maintain  the  activities  in  an  environment  which  supports  universi- 
ty research. 

You  have  thought  about  this  pretty  seriously,  have  you?  You 
dpn't  see  any  possibility  that  the  engineering  may,  tend  to  ^et 
-  somewhat  slighted  because  of  the  greater  influence  of  the  scientific 
disciplines  as  compared  with  the  engineering  disciplines  hefe?  Not 
that  engineering  isn't  scientific. 

Dr.  Dkkw.  Well,  Mr.  Chairman,  I  believe  that  first  of  all,  the  Na- 
tional Science  (foundation  is  sensitive  to  its  constituencies.  It  tries 
to  listen,  and  1  think  has,  by  ajnd  large,  done  a  pretty  good  job  of 
doing  that.  So  the  emphasis  on  ..engineering  has  been  in  response  to 
a  much  more  aware  engineering  community,  1  thit\k.  In  the  past 
this  strong  tendency  to  support  the  sciences  and  perhaps  to  allow 
engineering  to  take  a  very,  very  minor  role  reflected  the  fact  that 
the  science  community  had  mobilized,  if  you  will,  that  they  were 
sensitive  to  what  the  NSF  meant  to  their  communities. 
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You  had  tho  astrortomorN,  for  example,  doing  periodic  and  quite 
effective  research  studies  in  the  National  Academy  of  Sciences, 
which  identified  the  next  generation  facilities  and  the  important 
research  targets.  This  engineering  research  study  which  was  men- 
tioned that  is  now  ongoing  in  the  Academy  is  a  reflection,  as  a 
matter  of  fact,  of  what  some  of  us  in  the  engineering  community 
have  said  should  be  done  of  a  comparable  nature  to  what  had  been 
done  in  astronomy,  and  in  chemistry,  and  in  physics  in  previous 
years. 

So  I'm  not  so  worried  about  tho  future  role  of  engineering  inside 
the  NSF  with  respect  to  the  sciences,  because  I  think  we  have  our 
act  in  better  order  oh  the  engineering  Cbmmunitv  side.  I  think* 
we're  going  to  speak  out  and  speak  out  vigorously  lor  needs  in  en- 
gineering, and  I  suspect  that  we'll  find  a  good,  continuing  balance 
there 

Mr.  Huown,  Well,  I'm  not  particularly  concerned  at  the  present 
time  I  think  the  atmosphere'  is  good  there,  and  I  comrrlend  the 
Academy  * 

I've  always  commended  the  National  Science  Foundati(^  for 
what  they  are  doing,  but  what  happens  over  there  occasionally  is 
that  you  got 'domination  by  a  spirit  which  is  similar  to  whqt  Lord 
Rutherford  used  to  have.  Me  didn't  believe  in  anything  that  had 
any  practical  application  of  any  sort.  He  might  get  interested  in  de- 
signing bettor  physics  instruments  but  not  anything  that  had  to  do 
with  anything  beyond  that.  In  fact,  he  thought  it  was  positively 
bad  for  a  physicist  to  get  involved  with  anything  that  had  applica- 
tion. 

And  if  that  attitude  gets  into  the  National  Science  Foundation, 
particularly  at  the  top  lovels,  it  tends  to  slight  anything  like  engi- 
neering which  might  nave  broader  societal  implications.  That's  the 
thing  that's  to  be  feared  in  the)  long  run,  not  the  present  situation 
so  much  But  you're  not  concerned  about  that? 

Dr.  Dkkw.  No.  As  I  say,  I  think  the  key  corrective  force  is  going 
to  be  an  aware,  an  involved  engineering  community.  IP  indeed  that 
point  of  view  should  come  into  dominance*  in  the  NSF,  I  suspect 
that  we'll  have  no  one  to  blame  but  ourselves  in  the  engineering 
community. 

Mr.  Hhown.  I'm  going  to  turn  the  chair  over  to  the  chairman  of 
the  .subcommittee  at  this  point,  Mr.  Walgren/and  if  he  has  ques- 
tions, then  he  can  use  his  discretion  as  to  how  Jong  he  wants  to 
take.  ,  '  ' 

Mr.  Wam;kkn.  Thank  vou,  Mr.  Brown.  We  appreciate  the  time 
you've  been  able  to  give  this  morning. 

I  just  wanted  to  ask  again— th?  resistance  or  the  opposition  to 
transferring  tho  functions  of  the  National  Science  Foundation's  En- 
gineering Directorate  to  any  proposed  National  Technology  Foun- 
dation. Is  there  a  substantial  spjit  on  that  opinion  in  your  organiza- 
tion in  view  of  the  th/ught  that  a  separate  engineering  function 
with  respect  tu  the  foundation  would  be  very  helpful  from  an  engi- 
neering standpoint? 

Dr.  hittiw.  Mr  Walgren,  I  think  probably  the  contrary  is  true, 
that  tho  general,  very  strong  opinion  that  I'vt  heard  from  many 
levels  within  the  IKBM  is  strongly  in  favor  of  maintaining  and 
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strengthening  the  engineering  research  function  within  the  NSF 
und  therefore  basically  rrlainiriK  it  there.  m 

The  National  Technology  Foundation)  in  this  particular  ap- 
proach that  I've  suggested,  largely  works  in  an  area  which  is  com- 
plementary to  that  role  rather  than  in  parallel  with  it,  and  I  view 
that  as  being  a  quite  appropriate  divisioriNjflabor  in  this  sense. 
When  I  said  the  transfer  of  engineering,  I  really  meant  that  there 
was  support  of  engineering  research.  There  may  be  some  other 
piece*  that  would  be  appropriate  to  the  National  Technology  foun- 
dation. 

There  certainly  is  the  support,  say,  for  the  Small  Business  Inno- 
vation Research  Act  and  similar  functions  which  might  very  well 
better  belong  in  the  National  Technology  Foundation  than  else- 
where, but  this  is  a  detail  of  organizational  structure  which  I  think 
is  less  important  than  the  general  premise,  which  is,  the  support  of 
research  should  stay  as  part  of  a  strong  NSF;  yes. 

Mr.  Waixjrkn.  You're  very  comfortable  with  the  engineering  re- 
search function  staying  within  an  integrated  NSF? 

Dr.  Dkkw.  Yes,  indeed. 

Mr.  Wamuikn.  I  see. 

Or.  Dkkw.  But  we  don't  think  that  negates  the  importance  and 
utility  of  a  National  Technology  Foundation.  I  think  we  want  to 
try  <ind  stresi  that  point— that  there  is  a  djfftrent  set  of  roles  here. 

Mr.  Wai.urkn.  Yes.  It's  so  difficult  on  a  political  level  to  decide 
or  gather  the  necessary  support  for  any  particular  economic  effort 
•on  the  part  of  the  Government,  The  people  who  say,  "Look;  stay 
out;  leave  it  to  the  marketplace;  the  marketplace  should  drive  it,  or 
it  shouldn't  be  driven,"  it  seems  to  me,  have  such  an  advantage 
over  the  other  side  of  the  spectrum  that  says,  "Well,  there's  possi- 
bly a  role  for  the  Gpvernment  in  this  area  but  not  that  arfca,"  be- 
cause if  you  don't  agree  on  which  area,  at  that  point,  that  view- 
point is  essentially  divided,  whereas  the  other  remains  whole. 

CI  noticed  in  your  testimony,  you  feel  comfortable  limiting  the 
Federal  role  to  essentially  longer  term  research  and  development. 

Dr.  Dr>;w.  And  to  attention  to  the  incentive  structure  which  ap- 
plies to  industry.  I  mean  there's  an  information  function,  there's  a 
sort  of  linkage  of  the  type  of  long-term  R&D  that  is  represented  by 
the  NASA  or  previous  to  that,  by  the  NACA  role  in  aeronautical 
research,  that  can  quite  conceivably  be  a  part  of  this  or  would  be  a 
part  of  this  Natiohal  Technology  Foundation. 

The  area  of  manufacturing  technology  was  mentioned  here,  and 
the  fact  that  there  wasn't  an  appropriate  Federal  climate  to  sup- 
port that. 

Well,  it's  interesting  that  at  least  10  years  ago  in  the  NSF,  there 
was  a  manufacturing  technology  urogram,  but  it  was  a  program 
which  struggled  for  its  existence,  budget  season  by  budget  season, 
in  an  institution  that  was  not  oriented  to  this  tvpf/of  activity.  I 
know  this  because  I  was  part  of  the  NSF  during  that  period,  and  I, 
in  fact,  tried  to  nurture  that  small  piece  of  the  NSF,  because  even 
then  it  was  very  clear  that  this  was  a  growing  and  urgent  area  of 
national  need. 

Mr.  Wamiukn.  But   

Dr.  Dkkw.  Hut  we  didn't  have  the  right  institutional  Structure  to 
nurture  and  build  that  in  NSF.  * 
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Mr.  WaUIUKN.  Yes 

Dr.  Dkkw.  And  at  NTK,  you  vvoifld. 

Mr.  Wauskkn.  Would  the  lack  of  that^ight  institutional  struc- 
ture reflect  my  guess  that  that  was  an  activity  that  was  being  done 
almost  around  the  edges,  without  direct  focused  political  support 
from  the  political  directing  agencies  of  the  Government,  and  in  fact 
had  it  come  to  rise  to  the  level  of  visibility  in  the  NSF  to  the  point 
where  the  Republicans  and  Democrats  started  to  tear  it  apart,  it 
probably  wouldn't  have  been  able  to  survive?  Would  that  be  an 
unfair  characterization? 

Dr.  Dkkw.  Mr  Chairman,  I  guess  I've  never  viewed,  at  least  to  a 
very  largo  extent,  the  NSF's  programs  as  being  subject  to  partisan 
/fulling  and  tugging. 

Mr.  Waujkkn.  But  we've  had  some  very  partisan  pulling  and 
tugging  in  the  last  couple  of  years. 

Dr.  Dkkw. Looking  at  it  from  the  NfeF's  standpoint,  I  would 
#  guess  the  programs  never  were  viewed  as  somehow  or.  pther  re- 
sponding to  a  partisan  viewpoint  but  indeed  responding^to  some 
sense  of  national  need. 

It  s  quite  possible  that  if  the  program  grows  and  it  becomes  much 
more  visible  and  it  doesn't  cjuite  match  the  then-political  philoso- 
phy of  whatever  administration  exists  at  that  time,  it  could  be  in 
trouble.  Hut  for  the  most  part,  we're  talking  about  technologies 
which  have  much  longer  term  horizons— and  I  would  hope  would 
not  be  subject  to  that  type  of  partisanship. 

Mr.  Walurkn.  Well,  I  guess  I'm  just  trying  to  satisfy  myself 
about-  the  underlying  rationale  that  is  supportable  from  your 
point  of  view  and  the  point  of  view  of  qthers  in  this  Ufea  of  picking 
winners  and  losers.  You  indicate  that  you  would  be  reluctant  to  see 
the  Federal  Government  get  involved  in  areas  of  declining  indus- 
tries, that  the  marketplace  is  signaling  that  they  are  truly  declin- 
ing, and  yet  I  don't  know  how  we,  on  a  political  level,  make  those 
judgments.  If  we  could  fasten  on  the  idea  that  we  are  willing  to 
substantially  support  research  and  development  in  any  major  area 
of  major  economic  consequences,  perhaps  that  would  find  enough 
support  in  the  country  at  this  point  to  provide  some  necessary  abil- 
ity to  make  progress  in  declining  industries  like  steel' and  others. 

Dr.  Dkkw.  It's  not  the  rf search  oV  the  long-term^ technology  de- 
velopment, I  think,  that  we  have  a  problem  with.  It*  is  perhaps  the 
next  step,  which  then  takes  that  and  somehow  or  other  artificially 
shores  up  the  industry  through  further  direct  financing  and  inter- 
vention. ^ 

Providing  the  right  ineentive/structure,  providing  support  in 
areas  where  the  current  market  does  have  some  defects— and  I 
would  say  that's  in  the  longer  term  research. and  technology  appli- 
cations arena  would  provide  tobls  and  would  provide  things  which*- 
such  declining  industries  could  grasp  and  perhaps  introduce  into 
their  production  processes  thafr  Would  give  them  a  new  lease  on 
life. 

gPut  at  the  point  of  actually  financing  that,  1  think  we  tfeilly 
have  Home  reluctance  to  sec*  the  Government— Chrysler  and  Lock- 
heed notwithstanding  getting  into  that  on  a  regular  httflie,  I  think 
there  are  some  circumstances— clearly,  there  have  been  some  inter- 
esting articles  written  recently  pointing  to  the  Lockheed,  Chrysler, 
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New  York  Cit^  bailout**,  if  you  will,  as  appropriate  uses  of  Federal 
support. 

Tne  circumstances  under  which  Federal  support  waH  granted 
were  very  special  in  each  case,  and  it  seems  to  me  you  would  not 
want  to  establish  an  institution  that  had  that  as  a  regular,  as- 
signed role  going  around  looking  for  places  to  shore  up. 

I  think  it  would  be  better  played  out  on  an  ad  hoc  basis  for  really 
situations  where  you  felt  a  national  need  and  that  may  be  a  na- 
tional security  need.  You  can't  allow  the  la«t  steel  plant  to  go  out 
of  production  in  the  United  States,  clearly,  for  some  very  imuor- 
*  tant  national  security  reasons.  You  can't  let  the  last  forging  plant 
or  the  last  machine  tool  industry  to  go  out  of  business. 

So,  there  are  some  points  at  which  the  Federal  intefvention  does 
make  sense.  We  just  aon't  see  this  done  on  the  basis  of  some  invest- 
ment bank  which  has  a  continuing  rolling  fund  to  do  this. 

Mr.'WA.LGKEN,  It  just  strikes  me  that  perhaps  if  we  had  a  broad- 
er concensus  on  the  importance  of  the  initial  health  of  the  research 
side,  that  maybe  we  wouldn't  find  ourselves  in  such  desperate 
straita  that  we  need  to  reach  for  either  the  bailouts  or  the  major 
bank  decisions  from  Government. 

We  have  the  Commerce  Department  doing  a  little  bit  of  metals 
work  around  the  edges,  but  they  are  already  doing  it  when  Con- 
gressmen from  Pennsylvania  find  out  about  it. 

That  seems  to  me  to  be  a  measure  of  the  fact  that  they  could  see 
the  handwriting  on  the  wall  and  knew  that  this  was  a  reasonable 
function  and  had  some  discretionary  funds  available,  but  that  was 
really  about  it  in  terms  of  the  commitment  of  the  Federal  Goyerp- 
ment.  It  \vould  seem  if  we  had  gotten  in  that  area  with  both  fe6t 
earlier  on,  we  might  not  then  be  driven  to  get  into  the  

Dr.  Drkw.  The  oailouts. 

Mr.  Waixirkn.  The  bailout-type  involvements  with  both  feet  later 
on. 

Dr.  Drkw.  Yes,  indeed. 

Mr.  Walgrkn.  Mh  Gregg. 

Mr.  Grkoo.  Thank  you,  Mr/Chairman, 

Dr.  Drew,  can  you  explain  to  me,  or  give  me  a  couple  of  exam- 
ples—I'm wilUng  to  accept  the  long-term,  high-risk  approach  as 
being  a  propOT  Federal  role,  but  give  me  a  couple  of  examples  of 
where  this  National  Technology  Foundation— specific  examples  of 
programs  thpt  you  would  see  them  getting  in— having— getting  in, 
if  the  Federal  role  were  created. 

Dr.  Drew.  One  of  the  areas,  Mr.  Gregg,  is,  \  think,  a  much  more 
vigorous  implementation  of  the  Steven^-Wydler  Act,  the  provi- 
sions of  which  include  a  series  of  cooperative  generic  technology 
centers.  4 

Now,  there  havj?  been  a  few  of  those  that  have  been  generated 
under  ^he  auspices  of  the  National  Science  Foundation.  I  think 
that's  a  reflection  of  the  fact  that  they  can  be  and  are  a  useful  part 
of  the  induHtrial  scene.  They  bring  Government  in  a  kind  of  incen- 
£ve  structure  that  brings  industry  and  universities  together.  I 
would  view  that  as  being  an  area  that  could  be  expanded  consider- 
ably. *  s 

I  think  there  were  in  the  Department  of  Commerce's  initial  pro- 
posal for  implementation  of  jSJtevenson-Wydler  a  series  of  such  c4n- 
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teret  most  of  which  have  never  gotten  off  the  ground.  So  I  would 
'see  that  as  one  arfea  in  which  this  new  institution  would  operate. 

1  mentioned  th?  Federal  Industrial  Extension  Service,  which  is  in 
one  of  the  companion  pieces  of  legislation.  I  think  that  is  a  highly 
useful  and  v^uable  service  that  should  be  started  and  permitted  to 
grow  and  provide  the  technology  services  to  

Mr.  Gregg,  Can  you  explain  

Dr.  Dkkw  (continuing).  Small  business. 

Mr.  Gregg.  Can  you  explain  to  me  what  you  conceive  the  Feder- 
al Industrial  Extension  Service  to  be  doing?  What  would  they  do  on 
the  stteet?  A  small— give  me  :an  example.  What  knowledge,  what 
abilities  would  they  deliver  to  a  small  business? 

Dr.  Drkw.  Well,  a  small  business  has  lots  of  problems.  Some  of 
th^  problems  are  financial,  basically,  "How  do  I  locate  my  next  in- 
crement of  capitalization?"  The  assistance  in  developing  contacts 
with  that  risk  capital  marketplace  wdfuld  be  one  type  of  service. 

Another  is  assistance  in  financial  management  inside  the  compa- 
ny—in other  words,  providing  a  financial  troubleshooter  the  com- 
pany to  deal  with  overhead  rafes  that  are  getting  out  of  control  or 
inventories  that  are  not  being  managed  properly,  and  so  on. 

{  mean  these  types  of  assistance  that  can  help  the  institution 
in  

Mr.  Gregg.  If  you  could  stop  there  

Dr.  Drkw  [continuing).  Small  business  in  just  running  its  busi- 
ness. 

Mr.  Gregg.  Do  you  think  it's  a  proper  role  for  the  Federal  Gov- 
ernment to  have  somebody  on  the  street  available  to  give  that  sort 
of  assistance  to  the  smtffl  business? 

Dr.  Drkw.  I  think  that,  yes-it  runs  very  much  like  the  kind  of 
assistance  which  is  provided  iff  the  agricultural  field  to  the  small 
farmer.  * 

I  mean  basically  the  srpaJJ  bufinessman  and  the  farmer  I  Would 
view  as  an  important  papt  of  the  foundation  stones  for  our  econo- 
my. This  isn't  free,  by  the  way.  You'd  pay  for  those  services.  But 
having  the  institutional  structure  that  you  could  call  upon,  a  place 
to  go,  if  you  will,  to  bring  the  expertise  to  bear  on  your  problems  is 
what's  important. 

There  is  a  sort  of  R&D  linkage  

Mr.  Gregg.  That  role  is  presently  taken  up  by  the  Chamber,  the 
local  bank,  local  accountant,  the  local  lawyer,  but  you  don't  think 
they're  doing  an  adequate  job?  Yqu  don't  think  the  free  market's 
adequately  addressing  the  ability  of  small  businessmap  to  get  roll- 
ing on  his  own?  You  think  the  Federal  Government  needs  to  be  out 
there  aggressively  seeking  <j(ut  the  small  businessman  and  giving 
the  great  knowledge  which  the  Federal  Government  has  absorbed 
over  so  many  years  in  the  private  sector? 

Dr.  Drew.  Those  are  your  words,  of  course,  about  the  Federal 
Government  s  great  knowledge.  I  don't  view  this  as  being  the  Fed- 
eralKiovernn»ent's  tfreat  knowledge  that's  being  shared  but  provid- 
ing linkages  to  places  where  the  knowledge  does  exist.  What  I'm 
suggesting  is,  no,  that  the  existing  private  marketplace,  while  it 
provides  some  of  those  functions,  is  not  providing  those  completely 
and  adequately  at  the  present  time. 

There  is  a  technology  function  as  well. 
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Mr,  (1kK(J<j  Well,  let  me  stop  you  .there.  If  we  follow  that  logic 
forward  and  we  compare  this  to  the  Farm  Agricultural  Cooperative 
Kxtension  Service,  which  I  think  does  a  pretty  good  job  in  the  farm 
communities,  I  suppose  then  we're  also  going  to  have  to  follow  the 
logic  forward  which  delivers  us  a  farm  bill  on  the  floon  of  thp 
House  every  year,  which  this  year  represents  a  subsidy  to  the 
farmers  which  exceeds  the  net  income  of  the  farm  industry  in  this 
country.  \ 

So  we  are  going  to  move  into  the  private  sector,  and  take  over, 
and  subsidize  that  industry,  and  we'll  have  subsidized  small  busi- 
nessmen dealing  with  subsidized  intermediaries.  Is  that  the  concept 
that  flows  from  this  logically? 

Dr.  Drew.  I  don't  see  that  as  being  necessarily  the  logibal  folloW- 
up.  As  a  matter  of  fact,  I  suspect  that  the  farm  subsidies,  it  turns 
out,  subsidize  the  large  producer,  the  very  large  farmer,  and  not 
the  small  farmer. 

You  know,  the  small  family  farm,  of  course,  is  a  very  small  frac- " 
tion  of  the  total  agricultural  production  base  in  the  United  States, 
and  for  the  most  part  I  think  these  major  subsidy  bills  in  agricul- 
ture benefit  the  very  large  producers. 

The  eouiyalent  woula  be  benefits  to  the  GE's  and  IBM's  and 
maybe  AT&T's.  If  that  was  an  outcome,  I  would  guess  it's  certainly 
not  what  I  would  foresee  as  the  result  of  providing  this  Extension 
Service. 

Mr.  Gkkoq.  The  farm  industry  in  this  country— and  it's  going  to 
come  as  a  surprise,  I  think,  to  my  small  farmers— the  milk  farmers 
that  are  not  subsidized— but  the  farm  industry  in  this  country  is 
the  most  centralized— centrally  managed,  quote,  "free  market  en- 
terprise" that  this  country  has.  It's  managed  right  here  in  Wash- 
ington. All  the  prices  are  set  in  Washington.  Whether  you  till  your 
field  or  don't  till  your  field  is  decided  here  in  Washington.  Whether 
you  put  your  cow  and  milk  it,  or  whether  you  cull  your  cow  is  de- 
cided here  in  Washington  by  the  rates  that  we  set.  I  see  almost  no 
comparison  between  the  farm  industry  and  open  market. 

Now  I  don't  want  to  beat  a  dead  horse,  to  pick  a  phrase  that 
comes  out  of  the  farm  industry,  but  for  the  Federal  Government  to 
get  into  the  business  of  trying  to  promote  small  business,  I  think, 
is — they  are  antithetical  entities. 

To  move  to  another  issue,  youvhave  already  existing  in  the  Na- 
tional Science  Foundation,  as  you  mentioned,  the  engineering  di- 
rectorate; plus,  you  have  in  the  Commerce  Department  the  respon- 
sibility for  Stevenson-Wydler. 

You're  talking  about  taking  all  of  these  various  functions— and  I 
recognize  your  agency  thinks  engineering  should  stay  In  NSF — and  , 
merging  them  into  one  new  operating  entity  which  will  basically 
be  a  new  National  Science  Foundation,  only  it  -will  be  a  step  up 
from  research,  * 

Y^t,  as  I  understand  the  bill,  we're  not  talking  about  creating 
any  new  funds  for  this  agency,  We're  talking  about  taking  the 
present  funding  levels  and  moving  them  all  into  this  new  agency 
with  the  transferred  organizations. 

If  that's  the  case,  why  shflild  we  go  through  this  whole  restruc- 
turing scheme9  Why  shouldn't  we  let  Commerce  do  its  job  with  the 
funds  it  has  if  we're  not  adding  new  fundsrlls  it  so  important  that 
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we  pull  these  agencies  out  and  just  reshuffle  them?  Is  this  really 
that  essential?  ' 

Dr.  Drew.  We  are  supporting  this  as,  we  believe,  a  positive  step, 
and  you  say  is  it  that  essential?  The  implication— and  to  go  back  to 
my  opening  remarks — is  that  by  restructuring  that,  they  are  not 
functioning  as  well  as  they  might  in  their  current  homes,  and  I 
think  that's  that  a  point  that  I  made.  I  said,  with  all  due, respect  to 
the  individuals  and  the  efforts  within  the  Department  of  Com- 
merce and  elsewhere,  that  there  ig  not  a  particularly  receptive  and 
positive  home  for  these  functions. 

As  a  consequence,  the  budgets  have  been  really  extreiri&ly  bare 
bones.  They've  just  managed  barely  to  survive.  JF\ 


bringing  them  into  a  structure  which1,  has  these  jwectives  as  its 
principal  role,  rather  than  burning  i^  within  a  department  which 
is,  for  the  most  part,  not  terribly  aware  or  very  interested  in  these 
functions. 

Mr.  Gukoo.  I  think  that  may  make  some  significant  sense,  but 
once  you've  created  this  new  entity — this  netf  National  Science 
Foundation— National  Technology  Foundation,  as  it  will  be  called, 
how  do  you  keep  it  in  its  ballpark? 

How  do  you  keep  it  from  not  becoming  the  agency  which  decides 
to  start  funding  commercial  technology,  which  is  short-term,  as 
verbis  long-term,  which  is  commercially  competitive? 

How  do  you  keep  ivt  from  not  becoming  now  the  "super  decider" 
of  what  the  marketplace  wants  and  desires  and  making  the  outra- 
geous decisions  which  the  National  Science  Foundation  found  itself 
making  when  it  decided  to  get  into  this  area  and  the  Department 
of  Energy  found  it  making  when  it  decided  to  get  into  commercial- 
ization areas?  , 

How  do  you  circumscribe  its  activities  so  it  sticks  with  long-risk, 
high-feerm  commercialization  and  sticks  to  the  projects  which  are 
being  pulled  cuit  of  these  various  agencies? 

I  Dr.  Drew,  well,  first,  I  would  say  you  craft  its  legislative  man- 
/date  very  carefully.  In  other  words,  you  try  to  provide  in  the  lan- 
/ guage  of  the  bill  the  kind  of  guidelines  that  will,  first  of  all,  start  it 
'  off  operating  in  the  proper  domain,  and  clearly  define  that  domain. 

The  second  part  is,  of  course,  the  Congress.  An  alert  Congress 
presumably  is  going  to,  number  one,  be  able  to  restrict  in  either 
appropriations  or  in  other  language  the  kind  of  functioning  that 
they  thought  was  getting  out  of  Ijand  or  getting  into  areas  that  it 
would  be  inappropriate.  Indeed  it  seems  to  me  that's  the  job  that 
you've  being  doing  for  a  couple  of  hundred  years  now,  and  I 
would   l  ' 

Mr.  (1kk<;g.  Extremely  poor,  I  would  note. 

Dr.  Drkw.  Will  

Mr.  (ffRKf;u.  We're  usually  there  about  0  days  after  the  horses 
have  left  the  barn. 

Do  you  think  this  agency— this  new  group—this  National  Tech- 
nology Foundation,  or  the  $TF,  should  have  the  ability  to  make 
direct  grants  into  the  private  sector  for  the  purposes  of  creating 
commercial  products? 


We  believe  that  an  important 
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Dr.  Dkkw.  No,  No,  We  absolutely  suggested  that  was  an  inappro 
priate  function,  and  we  pointed  out  that  we  would  see  that  as  being 
one  of  the  parts  of  the  legislative  mandate  that  should  be  removed. 
„  Mr.  0KBGG.  At  what  point  should  this  agency  be  allowed  to  .make 
a  direqt  grant?  sCan  you  give  me  both  theoretical,  and  then  specific 
areas  where  direct  grants  should^be  able  to  be  available  under  this 
agency  into  the  private  sector?  ,  . 

-  Dr.  Dkkw.  Well,  'let  me  point  out  that  one  of  the  provisions 
which  is  in  the  ATF  has  to  do  with  this  development  of,  if  you.will, 
a  lending  provision,  which  would  be  quite  comparable  to  the  NRDC 
in  the  United  Kingdom  a(id  to  this  BIRD  Foundation  which  the 
JJnited  States  is  already  supporting.  That  is  a  process  whereby  pro- 
posals come  in,  they  are  evaluated.  It's  a  little  bit  different  from  a 
direct  grant.  Funding  is  provided  for  research  which 'will  eventual- 
ly lead  to  a  product. 

The  product  that  is  determined  by  the  company  or  companies 
that  are  involved,  and  the  product  that  is  produced  then,  with  the 
profit  that  is  obtained,  would  return  funds,  by  a  fgrmula,  to  the 
original  fund. 

Mr.  Ukkgg.  What  would  be  the  bottom  line,  if  you  can  just  give 
it  to  m<*  conceptually,  of  what  type  of  application  would  be  re-, 
viewed?  In  other  words,  would  the  applications  be  directed  at  put- ' 
ting  a  product  on  the  shelves?  Would  they  be  directed  at  doing 
long-term  research?  What  would  be  the  review  standard?- 

Dr.  Dkkw.  It's  restricted  to  research.  I  guess  I  cotrld  point  out  a 
product  that  we're  working  on  right  now,  for  example.  It's  an  ex- 
ample that  would  seem  to  me  would  be  quite  appropriate. 

Basically,  we're  working  with  a  technology  that  was  originally 
developed  by  the  National  Aeronautics  and  Space  Administra- 
tion— NASA.  I  would  expect  this  is  the  kind  of  thing  that  the 
Center  for  the  Utilization  of  Faflferal  Technology  is  supposed  to  be 
doing.  We  became  aware  of  this  technology,  became  interested  in  it 
10  leading  to  a  commercial  product.         \  <■  * 

But  the  NASA  'technology  was  so  gold  plated  that  it  clearly 
would  not  be  a  commercializable  product 'the  way  it  was.  We  are  in 
the  midst  of  investing  additional  funds-+-and  this  is  a  somewhat 
longer-term  venture  than  the  typical  inditetrial  product  and  invest- 
ment cycle— td  bring  forward  thai  technology  which  Was  supported 
by  Federal  funds,  but  was,  until  we  picked  it  up,  was  sitting  on  the 
shelf.  We  asked  for  and  received  an  exclusive  license  for  it.  We' 
bringing  it  into  a  commercial  product  line. 

In  fact,  we  are  doing  the  kind  of  longer  term  research  and  tec 
nology  development  that  I  would  see  fitting  Within  tflis  mode  of  o 
eration. 

Mr.  (iRK<;<;.  And  I  presume  you're  financing  it  in  the  privat^ 
sector  at  the  present  time/  •  « 

Dr.  Dkkw.  We're  receiving  support  under  Public  Law  97-219,  I 
believe  it  is,  the  Small  Business  Innovation  Research  Act,  and 
without  that,  we  would  not  be  where  we  arerfSday.  This  projec^ 
would  still  be  a  gleam  in  our  eye  but  not  an  ongoing  technology 
development.  ^ 

Mr.  Gkk<;<;.  It's  nice  to  know  that  we  do  have  What  law  already 
on  the  books,  but  aren't  we  going  to,  under  this  proposal,  attrac; 
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into  the  application  pfocmn  those  programs  which  are  the  bottom 
priorities  of  the  businesses  that  are  coming  in? 

I  mean  if  they  know  that  they've  got  a  chance  of  making  money, 
they're  going  to  find  the  money.  Aren't  you  really  going  to  just  be 
picking  up  the  really  low  priority  program  as  the  applicant  here, 
within  that  own  buamess'  estimate  of  what's  going  to  make  money 
and  what's  not  going  to  make  money? 

Dr.  Drew..  Well,  you' said  low  priority.  Let  me  suggest  to  you, 
look  at  it  quite  a  little  differently,  and  that  is,  any  business  has,  a 
variety  of  places  that  they  can  put  their  investments. 
.  The  current  dynamic  within  a  business  is,  you  take  a  look  at 
those  investments  which  are  going  to  provide  the  quickest  turn- 
around, th<H>hortest  return  on  investment  that  you  can,  and  those 
are  your  highest  priority.  ' 

Now,  these  other  investments  that  are  going  to  have  a  longer 
term  payout  you've  characterized  as  being  the  bottom  of  the  barrel 
or  the  lower  priority;  I  would  characterize  as  those  not?  necessarily 
in  that  way  

Mr.  (i KK(iu.  No,  that's  not — - 

I)r  Drkw.  TJiey  are  not  being  chosen  and  are  not  being  support- 
ed because  they  have  this  characteristic  of  having  a  longer  term 
ft,  payout.  Wjiat  we're  doing  here  is  providing  an  ppportunity  for 
some  of  those  high  priority  investments  to  come  on  line  much  more 
quickly.  \ 

Mr.  Grkgg.  Well,  what  we're  really  doing  is  we're\taking  the  1 
'high  priority  investment  that  We  know  that  a  company  c«m  look  at  ^ 
and  say,  "Well,  we're  going  to  get  a  good  return  on  high0 priority  ' 
investment,  so  we're  going  to  invest  our  capital  In  that  invest- 
ment," and  they've  maybe  go#t  10  high  priority  long-term  invest- 
ments. . 

The  short-term,  quick  return  investment,  that's  going  to  be  done 
in  the  private  sector.  And  they're  going  to  say,  "Well,  we're  going 
to  pick  up  the  private  sector  money  to  do  those."  And  then  for  this N 
marginal  number,  2Ht  that's  going  to  take  the  same  time  as  the 
other  ones— "Well,  let  s  take  a  run  at  the  Federal  dollars  for  that  • 
ojie;  we  don't  think  there  are*  going  to  be  much  of  a  return  on  it; 
it  s  obviously  not  going  to  hatfe  the  return  of  the  other  ones  we've 
prioritized  anead  of  it^  but  let's  take  a  run  at  it  because  there  are 
•  some  Federal  dollars,'  and  then  the  Federal  dollars  that  are  being 
used  are  tax  dollars.  They're  perverting  the  marketplace,  because 
you're  taking  Federal  dollars  which  are  going  to  be  used  to  fund 
'  that  28th  project  out  of  the  taxpayer—out  of  the  private  sector,  and 
you're  funding  that  2Hth  proiect. 

II' you'd  left  that  Federal  dollar  in  the  taxpayers'  hands,  invested 
in  t  he  private  sector,  another  company  would  have  used  it  to  fund 
their  No.  1  project.  And  you  have  perverted  the  flow  of  capital  in 
the  marketplace,  that's  what  this  national  policy  does.  It  totally 
perverts  the  national  marketplace,  because  it  makes  the  Federal* 
Government  the  decision  process  as  to  where  capital  will  flow,  and 
inevitably  the  Federal  Government  is  £0ing  to  pick  lower  priority 
items  because  the  nature  of  the  institution  is  sucn  that  it  does  that. 

Dr.  Drkw.  I  would  suggest,  Mr.  Gregtf,  that  whatever  the  Federal 
Government  would  be  prepared  to  do  nere  is  a  small  wart  on  this 
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very  large  eMtabliahnwnt  which  in  the  private  marketplace.  You're 

not  going  to  skew  that  private  marketplace  vEFy*much,  and  

Mr.  Gregg.  Well,  don't  tell  that  

Dr.  Drew  (continuing!.  Not  with  any  of  the  funds  that  you're 
talking  about  on  this  scale. 

Mr.  Gregg.  Dr.  Drew,  don't  tell  that  to  the  .persgp  who's  out 
there  trying  to  borrow  moneys  today  /ind  is  pdying  the  highest  real 
interest  rates  they've  paid  in  history  because  we're  running  a  $180  . 
billion  deficit.  ■      \  * 

The  Federal  marketplace  is  ptfftverting  the  private  marketplace^  j 
and  it's  perverting  the  world  marketplace*  and  it's  one-»you  know, 
it's  a  million  . here,  a  milliQi^  there,  and  adds  up  to. a  billion  here,  a 
bilfipn  there,  which  adds  up  to  real  money,  as— 

Mr.  Walgren.  T^he  gentleman's  tirrffe  has  expired.  > 

Mr.  GrecIg.  Senator  Dirksen"used  to  say,  and  I  recognize  my 
^time  isffcxpired,  and  I  appreciate  the  chairman's  indulgence. 

Mr.  Waloren.  And  we'U  give  the  \yi|ness  an  opportunity  to  re- 
spond.   £t  < 

There  «  lot  of  reservationsHhat  I  know  we  can  all  express 
and  probably  better  someplace  other  than  the  record,  but  Mr. 
DreW,  please,  if  there's  something  you'd  like  to  add,  please  go 
ahead,  vand  then  we  ought  to  get  on  to  the  next  witnesfe. 

Dr.  Drew.  I  would  JU8t  like  to  thank  the  chairman  for  the  oppor- 
tunity to  present  our  views,  and  I'd  say  we'd  be  very  happy  to  con^ 
♦tinue  thfc  dialog  on  this  subject.  I  think  it's  an  important  one.  It's 
one  on  which  people  c&n  have  quite  different  and  valid:  opinions  or 
outlook.  We  certainly  think  it's  an  important  area  for  us  to  try  to 
/provide  morejight  in  an  area  where  our  understandings,  I  think, 
"  are  still  growing  and  developing. 

Mr.  Walgren.  Weil,  w£  thank  you  very  much  for  coming,vand 
we  appreciate  your  being  a  resource  to  the  committee.  T^anK  you, 
Di<  Dr^v.  yN 

Dr.  Drew.  Thank  yoq. 

Mr.  Walur&n.  The  last  witrjess  for  today  is  Donald  WeinertA  the 
Executive  Director  of  the  National  Society' of  Professional  Engi- 
neers. 

Welcome  to  the  committed,  Dr.  Weinert. 

Mr.  Weinert.  Thank  you. 

Mr.  Walgren.  We  appreciate  your  coming,  and  know  that  your 
written  statement  will  be  made  part  of  the  record.  Pleas^  feel  free 
to  communicate  to  the  committee  the  points  that  you  Feel  are  most 
worth  stressing  in  any  way  that  you  feel  comfortable.  Th&nk  xou 

*  STATEMENT  OF  DONALD  G.  WEINERT,  EXECUTIVE  DIItbcTOK, 

NATIONAL  SOCIETY  OF  PROFESSIONAL  ENGINEERS 

Mr.  Weinert.  Thanks, very  much,  Mr.  Chairman  and  members  of 
the  committee.  It's  a  real  pleasure  for  me  to  be  here  to  give  some 
of  our  views,  and  I'm  just  going  to  hit  a  few  of  the  highlights  of 
some  of  the  poihts  made  ip  ryiy  written  testimony.  *  \ 

*  We  appreciate  thejple  tfiut  ydUr  subeomrnittee  ig  playing  in  this 
debate.  As  you  kr^juprwe-'ve  been  involved  in  this  debate  on  techno- 
logical innovatiori"Tor  many  years,  and,  as  we've  already  ^gen, 
there  are  many  dimensions  t<j  that  debate. 
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I  think  tlmt  on*1  of  the  poititn  I  would  like  to  make  at  the  outset 
in  setting  the  stage  is  that  while  there  are  lots  of  good  things  iibout 
our  hyitpni^ancj  we've  all  alhided  to  thyso—  hone  of  us  pretend 
that  it's  perfect,  and  we  would  be  foplish  not  to  reexamine  our  in- 
atitutiqns  and  pur  policies  on  a  regular  basis  to  see  if,  in  the  light 
-of  dittpging  political  and  economic  circumstances,  some  kind  of 
mcftji Station  is  necessary,  and  I  think  thiu  process  is  a  part  of  that 
reexamination. 

.  •We  can't  automatically  assume  any  more  that  "Just  because  it's 
Artteriepn,  it's  going  to  be  No.  1  in  the  world.".  We're  not  in  that 
position  any  longer, 

•The -whole  business  of  technological  and  industrial  competitive- 
^twfjs  foas  two  major  elements,  as  we  see  it  in  the  engineering  com- 
munity; fi^st  of  all, 'invention,  the  process  of  innovation  that  devel- 
^op$  hew  products  and  processes,  new  ideas,  and  then,  secondly,  and 
equally  important,  this  attention  to  quality  and  productivity  that 
mepns  we  do  things  in  better  and  more  efficient  ways. 
\  We  think  that  Forjboth  of  the^e  elements,  the  primary  responsi- 
bility to  really  in  the  private  sector,  and  L  think  that  probably  sums 
up  the  feelings  of  the  National  Society  of  Professional  Engineers  as 
regards  the  batiic  Federal  role. 

We  tbin^  thete  is  a  Federal  role,  arid  we  think  itfs  an  important 
one.  We  think  it  is  most  importantlu/ocused  on  the  right  environ- 
ment for  the  private  sector  to  carry  Out  its  basic  and  fundamental 
responsibilities.         ■  •  •  ,  < 

John  Young  w**s  here,  last  week  testifying,  and  I  hfad  an  opportu- 
nity to  look  at  his  recipe  for  industrial  success.  It' was  quite  inter- 
esting to  note  that  realiv-  what  it  was  wad  a  manual  for  good  man- 
agement rather  than  a  prescription  for  massive  Federal  action. 

He.  pointed  out,  the  most  effective  mechanisms  a  government  can 
use  are  those  that  foster  innovation  through  maximizing  private 
sector  resources,  and  I  think  we  agree  with  that  fehiljg^hy,  in  the 
National  Society  of  Professional  Engineers. 

There  are  several  proposals,  if  you  will,  talking  about  the  envi- 
ronment for  research  and  innovation;  that  everyone  pretty  Well 
agrees  on. 

We  all  pretty  well  agreqgBffilfce  JR&D  tax  credit  needs  to  be 
,made  permanent  or  extengEKmeaU  agree  something  needs  to  be 
done  with  the  antitrust  lfWr^Wo  permit  cooperative  R&D  in  certain 
instances;  we  all  pretty  well  agree  that  the  various  proposals  float- 
ing around  to  make  capital  more  accessible  to  business  are  worth- 
while and  we  ought  to  continue  to  pursue  those;  and  we  all  agree 
that  the  Government  needs  to  pay  attention  to  the  business  of  the 
education  of  technical  manpower,  the  support  of  that  educational 
process  by  'ensuring  ;a  healthy  science  and  engineering  educational 
base,  or  helping  to  ensUttf  that, 

We  need  to  get  On  with  those  measures.  Those  are  part  of  creat- 
ing the  right  environment.    ,  * 

However,  it  s  less  clear  just  how  far  the  ^rcwernment  ought  to  go 
in  direct  intervention,  direct  involvement  in  promoting  innovation 
and  the  innovation  process. 

Now,  I'd  like  to  just  comment  briefly  on  the  several  pieces  of  leg- 
islation in  that  connection  because  most  of  them  envision  a  more 
direct  Government  role. 
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Firnt  of  all,  we  see  U.K.  4M(il  that  calls  for  pn  Advanced  Techno^ 
ogy  Foundation  an  an  overlay  on  the  existing  system  rather  than  a 
substitute  for  anything  jr|  ihp  existing  system. 

Now,  that  overlay  doesn  t  aeem  to  us  to  hold  any  real  promise  for 
getting  things  done  any  better  or  more  effectively  than  our  current 
institutions  that  exist  in  Commerce,  the  National  Science  Founda- 
tion, and  several  other  places. 

We  see  a  lot  of  problems  with  an  overlay  agency  like  the  Ad- 
vanced Technology  Foundation.  First  of  all,  it  seems  to  be  focused 
on  our  strength  rather  than  our  weakness.  We're  the  most  inven- 
tive Nation  in  the  world  by  any  measure— any  standard  that  you 
care  to  choose— and  any  failures  we've  had  in  converting  this  in- 
ventiveness into  usable  products  and  processes  have  moreJbeen 
management  failures,  economic  factors,  and  restrictive  Govern- 
ment oolicies  than  they  have  been  any  kind  of  a  failure  in  our 
technological  ability. 

While  there's  no  question  that  $500  million  invested  in  advanced 
research,  as  envisioned  by  the  Advanced  Technology  Foundation,  is 
bound  to  produce  some  valuable  results,  it'ifcn't  going  to  address 
tKe  roots  of  our  competitive  problems.  n 

And,  further,  if  you  look  around  to  the  constituencies  who  would 
be  most  supportive  of  this  type  of  a  proposal— the  business  and 
education  R&D  community — you  don't  see  any  groundswell  of  en- 
thusiasm or  support  for  the  concept  of  the  ATF,  and  they're  the 
ones  that  are  most  likely  to  directly  benefit,  if  there  were  an  ATF. 

In  short,  we  don't  see  any  well-defined  mandate  for  H.RT4361, 
for  an  overlay  Advanced  Technology  Foundation,  and  we  don't  see 
any  real  gap  in  oui;,  present  structure  that  it  would  fill. 

Now,  H.R.  4tttil  does  have  an  element,  that  Dr.  Drew  mentioned, 
^  that  we  would  also  like  to  support.  That's  the  business  of  promot- 
ing the  diffusion  of  technological  information,  not  so  much  busirfess 
information,  as  the  discussion  that  was  held  a  little  earlier— Mr. 
Gregg  with  Dr.  Drew. 

We  think  that  an  extension  service  to  disseminate  technological 
information  about  generic  technological  processes  and  knowledge 
to  the  States  and  to  business  \\ould  be  very  valuable  in  the  same 
vein  as  an  Agricultural  Extension  Service,  but  focused  on  dissemi- 
nation of  technological  information,  1 

Now  there  happens  to  be  a  law  already  on  the  books,  the  State 
Technical  Services  Act,  enacted  in  1965,  that  would  really  permit 
this,  and  we  would  advocate  thai  if  we  want  to  do  this,  am^we 
think  it's  a  goodMnea,  that  we  look  to  existing  statutes.  That  was 
last  funded  in  1971  and  zeroed  out  after  that.  We  think  the  mecha- 
nism is  there  in  existing  statutes  to  do  this  diffusion  process. 

Another  bill,  H.R;,  1243,  calls  for  a  means  to  gather  and  analyze 
comnetitiveness — thtfr  competitiveness  of  Various  industries.  We 
think  we  already  have  this  capability  in  the  Office  of* Competitive 
Assessment  in  the  Department  of  Commerce. 

Now  maybe  we  haven't  paid  ehough  attention  to  it.  Maybe  it 
hasn't  been  effective,  for  a  variety  of  reasons.  We  think,  let's  make 
it  effective;  let's  better  fund  it;  let's  nuike  it  more  visible;  let's 
make  it  morcj  available;  but  let's  not  supersede  it. 

We  think  also  that  if  we  are  looking  for  studies  of  c<unnetitive- 
ness  in  various  industries,  that  we  also  have  the  National  Research 
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(Council  under  the  guidance  0j  either  mean  the  National  Academy 
of  Sciences  or  the  National  Academy  of  Engineering,  to  conduct 
studies,  and  they  have  done  Botffe  excellent  work. 

As  a  matter  of  fact,  if  you  look  carefully  at  the  study  issue,  there 
is  another  bill,  H.R.  2525,  that's  proposing  sort  of  an  omnibus  study 
of  the  U.S.  technological  posture.  We  think  the  Young  Commission 
is  already  engaged  in  that  process,  and  we  ought  to  see  what  comeB 
out  of  it  before  we^run  off  into  another  study  of  oiy  technological 
posture  as  proposed  oy  H.R.  2525.  * 

Now  we  think  in  H.R.  4415,  the  Manufacturing  Sciences  and 
Technology  Research  and  Development  Act,  there  is  something 
very  worthwhile— the  idea  of  creating  research  centers  that  focus 
on  cross-cutting  process-oriented  work— incidentally,  not  unlike  the 
centers  proposed  \t\  the  COGENT  program  now  authorized  but  not 
< ,  7».      funded  under  the  Stevenson-Wydler  Act. 

The  Centers  for  Cross-Disciplinary  Engineering  Research  now 
<■■/        being  proposed  by  the  National  Science  Foundation,  by  the  way,  , 
1  v  v      are  a'80  very  similar  in  nature  to  this. 

p'2^\  Whichever  form  we  pursue,  we  think  centers  that  can  respond  to 
pfvv''  well-defined  generic  research  needs  that  have  broad  industrial  ap- 
•^■r      plicability  arid  broad  industrial  involvement  are  worthwhile. 

We  wou'd  'ike  to  focus  on  the  NSF— the  National  Science  Foug- 
v  xv;   .dation  program.  It's  in  being.  We  think  it  can  be  promoted  to  ac- 
k-\ complisn  the  purposes  of  these  generic  cross-disciplinary  research 
centers,  which  we  thirvk  are  an  important  partnership  between 
education,  industry,  and  government.  Again,  existing  authorities 
^trV\  would  permit  us  to  do  thiff  without  going  ahead  with+i.R.  4415. 
k'^M'      Now  ^  we  lo()k  at  ^  R         the  Nat^al  Technology  Foundation, 
feVn    We  can  Ree  a  'ot  °*  attractive  features.  There  is  always  ix  certain 
r         compelling  interest  in  organizing  things  better  and  bringing  them 
$fck>>    together,  and  we  see  that  same  type?  of  attractiveness. 
P^fp*      However,  we  really  can't  see  a  compolliruf  case  for  the  tremen- 
dous  costH  and  dislocations  that  would  inevitably  result  in  creating 
$$^\\  a  new  foundati&n,  particularly  in  light  of  the  direction  we're  cur- 
T  >W*\  rently  taking  with  the  National  Science  Foundation  to  exparjd  its 
%'*\\   ro'°  m       en^i"t,erinK  area,  and,  as  a  matter  oWact,  I  see  some 
dangers  in"  creating  a  National  Technology  Foundation  while,  at 
jlf&y    the  same  time,  we  re  trying  to  promote  the  partnership  between 
v?1'  ;    science  and  engineering  in  the  National  Science  Foundation. 

We  ff'e'  l^at  partnership  is  very  important  You  really  shouldn't 
separate  engineering  and  technology  from  science.  They  need  to. 
worli  tof?ether  There  is  a  big  gray  overlap  area  between  the  two, 
m ■  4w  and  we  think  keeping  it  a[l  together  in  the  National  Science  Foun- 
^  S  dation  in  the  R&D  and  support  for  education  area  is  a  much  wiser 
course  than  splitting  it  off  into  an  independlnt  foundatioh. 

We  look  to  the  NSF  yvilh  the  leadership  of  thift  subcommittee,  by 
;f^  ^vfcthe  way,  to  provide  the  focus  of  basic  and  fundamental  research  in 
^  education  for  both  science  and  engineering,  and  in  recent  months, 
fUt' y        waX'  ^e  ^SK  ^UH  demonstrated  not  only  its  interest  in 
-fe'"^'"-^'nK  lhi«  hut  its  williisjgnesH  to  move  in  this  direction.  All  it  needs 
S^^i.^itho  authority  and  the  resources. 

tf5^V\fcl-i  And  I'd  like  to  make  a  very  important  parenthetical  statement 
■■^■^■xWlft.^iH  point.  We  in  the  engineering  community  feel  very  strongly 
■^^■'ll^^if1"  this  new  partner  cdmes  on  boj^rd—  engineering  and  technol- 
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ogy  in  tjfef  National  Science  Foundation we  must  nut  degrade;  the 
capabilities  of  the  longstanding  established  existing  partner,  basic 
scientific  research.  ...  1 

We  have  to  find  the  resources  to  expand  the  role  ana  support  of 
engineering   and  engineering  education  without,  Hiking  money 
away,  and  resources  away,  from  basic  scientific* research,  which  is 
extremely  important,  and  we,  again,  feet  that  those  two  things  ; 
work  very,  very  closely  together. 

Again,  I  mentioned  before4  the  cross-disciplinary  centers  in  NSF. 
We  think  they're  very  important,  and  we  think  that's  an  example 
of  the  kind  of  program  where  NSF  can  promote  needed  research  in 
our  educational  institutions  which,  at  the  same  time,  happens  to 
have  the  added  benefit  of  training  engineers  in  practical,  problem- 
solving  work,  the  kind  of  training  and  education  that  they  really 
need  It  accomplishes  both  purposes. 

We  urge  you  to  continue  to  encourag^NSF  to  foster  not  only  pre- 
mier science  but  excellence  in  engineemig. 

1  guess,  in  conclusion,  I  could  say  'that  we  feel  that  we  have  in 
place  most  of  the  authorities  and  the  institutions  necessary  to  deal 
with  the  Government  role— the  Federal  role  in  support  of  innova- 
tion, inventiveness,  industrial  competitiveness,  and  we  think  that 
role  is  to  foster  the  right  environment  and  to  use  direct  measures* 
only^When  those  direct'  measure^ can  maximize  the  availability  and 
the  capabilities  of  private  sector  resources. 

And  we  a^ain  commend  this  subcommittee  for  its  initiatives  with 
the  National  Science  Foundation  to  modify  its  charter  and  move  it 
in  the  direction  that  we  think  is  so  important. 

Thank  you,  Mr.  (1hairman. 

| The  prepared  statement  of  Mr.  Weinert  follows:) 
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Good  Homing,  Mr.  Chairman,  Meters  of  the^  Subcommittee.  I 
am  °°na1d  G'  H«,nflrt'  Exlcutfve  Olrector  oAhe  National 

Society  df  Professional  Engineers  {NSPE),  which  I  represent  here 

tod«y«         ;  .-...,,>* 

NSPE  is  a  non-technical  professional  society,  representing 
over  80,000  engineer  m^mber^ nationwide.    Our  members  are  organized 
into  54  state  societies  and' over  500  local  chapter*,  and  work  In 
Industry,  private  practice,  government,  cons  true tlon  and  education. 

We  are  pleased  to  have  this  opportunity  to  express  our.vlews 
on  the  Federal  role  In  technological  innovation.    For  several  years 
now,  we  have  participated  In  the  evolution  of  the  "Innovation- 
debate,  and  appreciate  the  contribution  this  Subcommittee  Is 
nuking.    Clearly,  if  the  United  States  Is  to  maintain  world  leader- 
ship  In  technology  markets,  we  must  re-examine  our  policies  In  light 
of  changing  ecdnomlc  and  political  circumstances.   We  cAn  no  longer 
afford  to  assume  that  technological  pre-eminence  Is  Automatically 
American^ 
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Technological  and  Industrial  competitiveness  depends  on  the 

pursuit  of  two  distinct  lines  of  endeavor*  -On  one  hand,  Invention 

I 

and  innovation  assures  that  we  will  make  new.  Improved  products  and % 


services.    Attention  to  quality  ana  productivity,  on  the  other  hand, 
assures  that  we  will  make  thesethlngs  In  better,  more  efficient 
ways.  We  bel leve  the  primary  responsibility  for  these  activities 
lies  within  the  private  sector,  not  1n  government.  Governments 
responsibility  Is  to  provide  th'e  rlgh.t  epvlronment.    In  testimony 
presented  to  this  Subcommittee  Just  last  week,  John  Yoyng,  president 
of  Hewlett-Packard,  outlined  a  recipe  for  Industrial  success,  Mr.* 
Young 'sk recipe  consisted  of  a  manual  for  good  management,  not  a 
prescription  for  Federal  qctlon.    As  he  pointed  out,  the  toost  effec- 
tive mechanisms  the  government  can  use  to  foster  innovation  are  thoSe 
which  maximize  private  sector  resources* 

There  appears  ,to  be  fairly  universal  agreement  that  proposals 
to  make  perranent  the  R&D  tax  credit,  to  revise  antitrust  laws  to 
permit,  joirft  R&D  ventures,  to  foster  availability  of  capital  an<J*to 
support  the  education  of  technical  manpower  are  all  desirable 
government  activities  that  would  help  maximize  private  sector 
resources.    It  1s  less  dear,  however,  whether  government  should  get 
more  directly  Involved  in  the  business  of  promoting  1nv|jit1on, 
Innovation,  and  productivity  Improvements  On  this  point  we  ur*ge 
caution. 

The  severaFpleces  of  legislation  now  before  this  SuBcom- 
(m1ttoe  provide   an  excellent  opportunity  for  discussion.    H.R.  4361 

plls  for  an  Advanced  Technology  Foundation  that  would  put 

l 

government  directly  Into  the  inventlpn/lnnovatlon  business  by 
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^electing  specific  nedr-market  technologies  for  Investment.    We  see 

several  problems  with  this'.       seems  to  be  an  attempt  to  c(jre  our 

strength,  notour  weakness,   tfe  are  the  most  Inventive  nation  Mn  the 

world.    (Xir  failures  to  capitalize  on  this  1n  certain  Industries  has 

more  to  do  with  management  failures,  economic  factors  and  restrictive 

govfrnment  policies  than  1t  does  with  our  technological  abilities. 

While  Investing  another  3500  mill  ion  1n,  "advanced ^erearch"  as 

called  for  In  H.R.  4361  will  undoubtedly  produce  some  valuable 

results,  1t  will  not  address  the  roots  of  our  competitive  problems.  * 

Furthermore,  constituencies  one  would  expect  to  benefit  from  the 

ATF,  the  business  and  university  R&D  leaders,  have  yet  to  express 

any  broad  consensus  of  enthusiasm  for  this  Idea.    In  fact,  our 

experience  Indicates  that  advanced  research  can  best  be  fostered  by^ 

free  market  forces ,  except  f^rhaps  1n  selected  defense  and  envl* 

■ 

ronmental  areas. 

Further,  we  do  not  find  H.R.  4361  responding  to  a  well- 

Jo 

defined  mandate,    nor  does  there  appear  to  be  any  gap  In  our  present 
structure'  that  would  fy»  filled  by  establishing  this  Foundation,  ft 
seems  unlikely  that  a  new  agency  will  be  better  equipped  to  determine 
unmet  needs  in  advanced  technology' than  the  private  sector  Itself. 

H.R.  4361  does  have  what  we  believe  to  be  an  extremely  Import 
tant  element  -  that  of  promoting  the! d1  ffuslon  of  (Technical  Informa- 
tion.   However,  we  suggest  that  rather  than  create  a  new  bureaucracy 
fx)f  this  purpose  vthe  Subconrol  ttee  consider  the  State  Technical 
Service's  Act,  enacted  in  1965  and  funded  unVll  1972;  when  It  was 
zeroed  out  of  the  budget.    This  law  1s  still  on^he  book*  and,  1f 
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funded,  could  bo  u4ed  to  disseminate  technical  Information  to  the 
states,  1n  the  manner  of  the  "extension  service11  that  has  proven  so 
successful  1n  agriculture.    We  would  be  pleased  to  provide  additional 
Information  on  this  program  If  the  Subcommittee  would  Hke  to  further 
pursue  It*. 

Another  bllj,  H*R.  1243,  calls  for  a  new  means  to  gather  data 
and  analyze  the  competitiveness  of  vaMous  industries.    We  already 
have  this  capability  through  the  Office  of  Competitive  Assessment  1n 
the  Department  of  Commerce.   This  office  has  done  excellent  analyses 
of  the  petrochemical,  telecomminlcatlons,  and  civil  aircraft  Indus- 
tries. We  believe  1t  should  be  better  funded,  mor*  visible  and  more 
available,  but  certainly  not  superceded.   The  National  Research 
Council,  too,  does  ar|  outstanding  job  of  studying  various  technolog- 
ical problems  and  recommending  solutions,,.    Further,  the  Present's 
Commission  on  Industrial  Competitiveness  Is  conducting  the  Indepth 
assessment  of  the  U.S.  technological  posture  as  proposed  by  H.R. 
*  2525.    In  sum,  we  urge  the  Subcommittee 'to  examine  existing  struc- 
tures and  statutes'  to  accomplish  the  objectives  posed  by  these  bills. 

A  potentially  beneficial  Federal  Initiative  J^es  1n  H.R.  4415, 
The  Manufacturing  Sciences  and  Technology  Research,  and  Development 
Act.    This  bill  provides  a  mechanism  ta  create  centers  for  manufac-  # 
turlng  research  and  technology  utilization*  which  essentially  are 
research  centers  that  focus  on  cross-cutting, \  process-oriented  work,* 
similar  to  the  CbGENT  program/authorized  but  not  funded  under  > 
?>teven$on4lydler.   The  Centers  for  Cross-d1sc1pl  1nary  Engineering 
Research  nqw  proposed  by  NSF  are  also  similar.    In  whichever  form 
you  choose,  these  centers  all  have  the  ability  to  respond  to,  sped-. 
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flc,  well-defined  research  needs,  with  broad  Industrial  applicability 
v 

and  Involvement,  'We  are  particularly  supportive  ofthe  new  NSF 
pogram,  vrfilch  provides  a  means  to  both  accomplish  needed  research 
and  train  new  talent  using  current,  practical  engineering  problems. 
Engineering  education  needs  more  of  this  type  of  experience  to  best 
prepare  engineers  for  professional  practice.    Once  again,  jexlstlng 
agencies  and  authorities  can  accomplish  the  alms  of  H.R.  4415. 

While  wAplaud  the  objectives  of  H.R.  481,  the  National 
Technology  FouMt1on/>we  do  not  believe  there  Is  a  compelling  case 
to  create  a  new  foundation  to  meet  those  objectives.   True,  creating 
an  NTF  would  coalesce  technology  and  engineering  functions  In  the  - 
Federal  .structure,  and  In  doing  so  might  focus  more  public  and 
political  attention  on  their  Importance.    However,  given  the  fiscal 
f realities  of  federal  budgets  and  the  organizational  realities  of  new 
federal  bureaucracies,  we  do  not  believe  the  enormous  resulting 
•cost*  and  dislocations  are  Justified.    Rather,  with  the  Initiative 
of  tbls  committee,  the  engineering  community  1s  looking  to  the 
National  Science  Foundation  to  serve  as  the  focus  of  basic  and 
fundamental  research  and  education  for  both  science  and  engi- 
neering.   We  believe  science  and  engineering  must  remain  close 
partners  and  thKt  engineering  and  technology  must  not  be  separated 
into  a  new  agency.    In  recent  months,  NSP  has  demonstrated  that 
v*11e  preserving  Its  excellence  and  Integrity  In  bask  science,  It 
can  and  should  serve  equally  well  for  engineering.    We  applaud  this 
direction,  and  urge  Its  continued  growth*   The  cross-disciplinary 
centers  are  one  example  of  NSF's  potential  to  support  emerging, 
Interdisciplinary  research  «r'eas..th«t  deal  with  systems,  processes, 
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methods  apd  materials.    We  hope  programs  of  this  type  will  expand, 
and  in  doing  so  strengthen  the  Foundation*    The  Subcommittee  has 
recognized  this  Important  role  for  t;he  NSF  with  your  approval  of  an 
amendment  to  thQ  NSF  charter  to  enhance  NSF's  commitment  to  engi- 
neer Irjg.    We  urge  you  to  continue  to  encourage  NSF  to  foster  not 
only  premier  science,  but  also  excellence  In  engineering* 

In  conclusion,  we  believe  that  by  creating  a  climate  In  which 
invention,  Innovation,  productivity  and  quality  can  thrive,  the 
government  can  then  use  more  direct  mechanisms  such  as  NSF*mo$t 
effectively*    In  this  environment,  our  outstanding  base  of  science 
and  education  can  lead  us  to  excellence  and  leadership  1n  technology 
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NSPE  BIOGRAPHY  or  EXECUTIVE  DIRECTOR 
DONALD  G.  WEINERT,  P.H. 


Donald  G.  Weinert,  P.E.  ,  wai  appointed  Executive  Director  of  tha 
80,000-member  National  Sociaty  of  Professional  Engineers  (NSPE)  on       ■  ? 
September  1,  1976,  following  *.  highly  successful  military  career  in 
which  .ha  attained  the  rank  of  Brigadier  Gaharal. 

Prior  to  assuming  hii  position  with  tha  Sociaty,  Mr.  Wainart  hald 
sevaral  prominant  poaitiona  with  tha  Anny  Corps  of  Enginaari,  including 
Specia-1  Assistant  to  tha  Chiaf,  with  responsibility  for  establishing 
and  managing  an  accelerated  pollution  abatement  program  for  the  Army, 
and  as  chairman  of  tha  Department  of  the  Army  '  s  Ad  Hoc  Study  Group, 
wnlch  investigated  ways  of  improving  opention  and  maintenance  of  Anny 
facilities.    Domestically,  military  assignments  involved  planning, 
design. and  construction  management  experienca  in  water  resource  develop- 
ment in  California  and  Arkansas, •■  Foreign  service  included  tours  in 
Germany,  Korea,  and  Vietnam.  \ 

A  number  of  distinguished  honori  capped  Mr.  Weinorfs  military 
career,  .including  three  awards  of  the  Legion  of  Merit,  a  Meritorious 
Service  Medal,  two  Bronze  Stars  and  four  Army  Commendation  Medals. 

A  graduate  of  the  U.S.  Military  Academy  at  West  Point,.  Mr/  Weinert 
received  his  Masters  in  Engineering  irom  Purdue  University,  attended 
the  U.S.  Army  War  College  and  has  participated  in  the  Army's  Advanced 
Management  Training  Program  at  Nortrwestfcrii  tnivorbiry.     Prior  to 
assuming  the  position  of  Executive  Director,  he  served  on  both  the 
Professional  Schools  Committee  and  the  Ethics  Task  Force  for  NSPE. 
His  Profesaifcnal  Engineer  registration  is  in  the  State  of  Texas. 

Born  in  Aberdeen,  South  Dakota,  Mr.  Weinert,,  his  wife  suzi  and 
their  five  children  now  reside  in  McLean,  Virginia.    He  has  been 
extensively  involved  with  Little,  League  and  Boy  ScoutB  of  Tuner ic a 
activities. 
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Mr.  Waloukn.  Well,  I  hank  you  very  much,  Mr.  Weinert. 

You  emphasized  the  importance  of  the  cross-disciplinary  centers 
and  the  generic  technology  centers  under  the  Stevenson-Wydler 
ai|d-the  information  services,  and  as  I  understand  it,  perhaps  after 
we  had  the  State  Services  that  you  referred  to,  we  have  the  Nation- 
al Technical  Information  Service,  which  certainly  from  its  title  has 
a  charter  directly  on  point,  and  yet  you  are  hit  right  between  the 
eves  by  the  fact  that  we  have  done  nothing,  literally  nothing  with 
those  agencies.  Stevenson-Wydler  wasn't  even  picked  up;- the  NTIS 
is  funded  w>th  partially  amount  of  money.  The  information  related 
to  the  Japanese  technology  information  effort  turned  out  to  be  one 
man  in  Tokyo,  or  something  like  that,  that  was  eating  up  half  o|" 
their  allocated  budget  in  salary  alone.  Its  just  nonexistent 

(iiven  your  recognition  of  how  important  those  functions  are, 
why  do  you  think  we  find  ourselves  at  this  point  in  19H4  having 
reached  almost  a  crisis  point  in  some  of  the  areas,  where  we  be- 
lieve these  functions  would  have  made  a  contribution,  with  no 
effort? 

Mr.  Wklnkkt.  Well,  you've  asked  really  two  questions.  One  has 
to  do  with  the  cross-disciplinary  centers,  and  the  other  has  to  do 
with  the  information  service. 

Mr.  Wam;kkn.  My  pur  nose  is  to  say  that  you've  stressed  all  these 
functions,  none  of  which  have  had  any  government  effort,  even 
though  we  have  a  structure  that  has  been  put  there  but  not  used, 
and  the  question  is  why,  in  these  areas,  which  you  have  put  great 
emphasis  on,  have  we  not  used  any  of  them  that  we  now  feel  we 
need  to  point  to  as  misting? 

Mr.  Wkinkrt,  Ojflthe  first  po^nt,  the  cross-disciplinary  centers,  I 
think  we  have  recognized  that  that's  important  and  are  now  put- 
ting a  great  deal  of  emphasis  through  the  National  Science  Foun- 
dation Cross-Disciplinary  Centers.  v 

It  doesn't  make  any  difference  whether  it's  a  Stevenson-Wydler 
COGENT— whether  it's  aa  NSF  ('ross^Disciplinary  Renter  or 
whether  its  a  H.H.  4415  center,  they're  all  aimed  at  the  same 
thing. 

1  think  we've  focused^fHhe  right  one— the  National  Science 
Foundation  Cross-Disciplinary  ('enters,  which  are  now  being 
funded,  with  /the  wjsdom  of  the  Congress  and  the  support  of  this 
subcommittee  and  many  others  in  the  Congress,  and  I  think  that 
we  will  continue  to  put  emphasis  on  those. 

Why  we  waited  this  long,  why  we  didn't  do  something  when  Ste- 
venson-Wydler passed,  I  can't  really  answer  that  question,  but  I 
can  say  that  we  now* recognize  the  importance  and  are  doing  some- 
thing under  an  existing  institution  to  deal  with  that  problem, 

Now  on  the  information  dissemination,  that's  a  much  more  difffy 
cult  question.  I  am  not  familiar  with  what  went  on  in  the  Congress 
back  in  H)72  when,  I  am  told,  for  largely  political  reasons,  that  was 
zeroed  out.  of  the  budget  hy  a  particular  Congressman  who  didn't 
happen  to  like  that  program. 

Now  whether  that  happened  or  nob  I  don't  kripw;  I  wasn  t  here. 
It  is  clear  to  me  that  if  the  Congress  recognizes  the  importance  of 
this  dissemination  process,  and  the  private  sector  and  the  engineer' 
ing  associations  gtt  behind  it  ftfid  work  with  you,  as  we  are  pre~ 
pared  to  do,  to\xplain  how  we  feel  it  can  be  implemented  to  the 
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best  benefit  of  all,  that. -we  will  go  ahead  and  take  that  authority 
and  fund  it 

I  think  that's  all  the  decision  thai  has  to  be  made.  If  you  nil  in 
the  Congress,  with  our  urging  and  support,  decide  to  fund  that  Ini- 
tiative, we're  prepared  to  support  and  work  with  you  to  go  ahead 
and  fund  it,  and  we'll  haVe  an  information  system-  rh  place  if  we 
do,  without  any  new  legislation,  by  the  way. 

Mr.  Wamskkn.  Thank  you  vary  much  for  that  response. 

The  ('hair  would  recognize  Mr.  Grcgg-from  New  Hampshire,  and 
ask  if. you  wouldn't  take  the  chair  in  a  brief  absence  by  myself  and  . 
.  confftue»on  with  the  recognition  of  Mr.  Bateman  at  the  proper 
time,  and  I  hope  tojbe  right  back.  .  .  " 

Mr.  (iURi;c:.  Mr.  Wekne^t,  you're  saying  essentially  that  wtf  al- 
-    ready' have  on  the  books  all  the  legislation  we  need  in  order  to  do 
r  s    what  these  bills  are  proposing  that  is  appropriate. 

Mr.  Wkinkkt.  We  could  meet  the  objectives  of  these  bills  with 
legislation  and  institutions  that  we  .currently  have  if  we  just  decide 
to  give  them  the  emphasis  and  support  they  need. 
,    •  Mr.  (iUK<;<;.  The  NTIS  revolving  fund  is  held  up,  I  think,  in  Com- 
njeree  and  Knergy  right  now.  It's  a  $5  million  fupd,  as  I  recall. 

You  pointed  out  that  NSFms  now  aggressively  pursuing  the  cross- 
.  fertilization  programs— or  however  we  waYit  to  describe  them. 

The  momentum  to  accomplish  these  goals  appears  to  be  in  the 
Congress  today,  and  as  a  result  of  that,  we've  got  these  bills  before 
us.  Rome  of  these  bills  go  beyond  the  proposals  which  you  seern  to 
be  endorsing.  Do  you  support  direct  grants— 

My.  Wkinkkt.  No. 

Mr.  Grbo<;  {continuing).  For  commercialization. 

The  appropriate  role,  it  would  seem  to  me— and  tqll  me  if  you 
agree  with  this-  would  be  for  the  Congress,  rather  than  to  create 
new  agencies-  and  to  pass  new  legislation,  to  aggressively  pursue 
.  th*'  legislation  it  has  *>n  the  books. 

Mr;  Wkinkkt  Yes;  at  this  time,  certainly  as  the  NSF  is  evolving 
this  new  role,  we  ought  to  see  where  it's  going  to  go,  how  far  we 
can  take  it 

o  You  know,  if  f>  years  from  now  we  decide  we  really  need  to  con- 
solidate all  these  things  into  a  new  agency,  we  ought  to  reexamine 
that,  but  I  don't  think  there's  enough  evidence  on  the  books  now 
that  says  we're  really  goinjj  to  gain  that  mucfi  for  the  tremendous  . 
cost  we're  going  to  pay  in  dislocation  and  t|e  overhead  of  a  new 
agency,  to  justifv  bringing  it  all  together  in  a  single  organization  at 
this  time.  I  think  we  need  to  pursue  what  we  have. 

Mr.  (iRKOc.  How  about  a  simple  sense-of-Corigrtfie  resolution  that 
says  we've  passed  all  these  laws,  let's  now  use  thfrn? 

Mr  Wkinkkt.  That's  much  more  in  your  realm  of  interest  than 
mine,  but  that  seems  to  make  sense.  ™ 

Mr.  (iitKGt;.  I'd  yield  to  the  gentleman  from  Virginia. 
*    Mr.  Hatkman.  Thank  you,  fylr.  Chairman, 

I  got  in  late,  as  I'm  sure  you're  aware,  Mr.  Weinert,  and  I  en- 
joyed what  I  heard*  It  seems  to  he  fully  consistent  with  the  thrust 
of  my  thinking  before  I  got  here.  ,  $  v 

'    (iiven  the  fact  that  I'm  doing  all  this  coughing  and  I  agree  with 
what  you  said,  I'm  going  to  withhold  any  questions. 

\ 
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f  Mr.  Giikchj.  If  I  could  follow  up  with  one  further  question,  do  you 
support  the  grants  for  generic  technology  development  as  op- 

posed to  commercialization?  • 

Mr.  Wkinkkt.  You're  talking  about  the  mechanism  to  fund  it 
through  one  of  thcfee  generic  centers? 

Mr.  Grk(;<;.  Right. 

Mr.  Wkinkrt.  By  a  direct  grant.  ^  ( 

What  we  support  in  these  generic  centers  is  a  cooperative  effort 
that  involves  industrial  private  secto\  money  and  input  as  well  as 
Government  and  education  copperation.  It's  a  tripartite  arrange- 

*  ment  where  the  educational  community,  the  Government,  and  in- 
dustry work  together,  and  we're  not  talking  about  the  Government 
sitting  out  here  setting  priorities  and  giving  out  money  and  saying, 
44 All  right.  Now  you. all  go  to  work  on  this  with  the.  money  that 
we're  giving  you,"  a  la  the  sewage  construction  grant  program,  for 

v  instance,  that's  run  by  EPA,  although  that  is  not  100-percent  Fed- 
eral either. 

Mr.  Grkoq.  Thank  you  very  much.  I  thank  all  the  witnesses  for 
taking  time  out  of  their  busy  and  hectic  schedules  to  help  us  with 
this  very  immediate  problem  and  one  which  I  think  the  Congress 
has  to  address. 

We  stand  adjourned  until  tomorrow  at  !):30  a.m. 

Mr.  Wkinkrt.  Thank  you,  Mr.  Chairman. 

[Whereupon,  at  12:05  p./n.,  the  subcommittee  was  adjourned,  to 
reconvene  at  9:30  a.m.,  Wednesday,  June 43,  19H4.J 
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FEDERAL  ORGANIZATION  FOR 

*  TECHNOLOGICAL  INNOVATION 

>v     •'     •  .  . " ■■■■■ 

WEDNESDAY,  JUNE  13,  19H4  * 

.  U  S;  House  of  Representatives, 
Committee  on  Science  and  Techno^y, 
*  4  Subcommittee  on  Science,  Res^vrch  and  Technology, 

'  %  • '  Washington,  Z#7. 

The  subcommittee  mpt,  pursuant  to  notice,  at  9:<#  a.m.,  in  room 
2H25,  Ravburn  House  Office  Building,  Hon.  Doug  Walgren  (chair- 
man of  the  subcommittee)  presiding. 

•  Present:  Representatives  Wajgreh,  MacKay,  Lundine,  Boehlert, 
and  Skeen. 

Mr.  Walgren .  Today1  we  continue  our  hearings  on  Federal  Orga- 
nisation for  Technological  Innovation  by  focusing  on  legislation 
•itfhich  has  been  introduced  by  various  Members,  encouraging  the 
development  of  technology  for  robotics  and/manufacturing. 

In  particular,  there  are  two  bills,  introduced  by  Mr.  Puqua,  the 
chairman  of  the  fu4I  Science  and  Technology  Committee.  They 
are  H.R.  4047,  feritt|led  the  "Robotics  and  Automated  Manufactur- 
ing Systems  Rese{H|  and  Education  Act";  and  H,R,  4415,  the 
"Manufacturing  Seizes  and  Technology  Research  and  Develop- 
ment Act,"  which  is  the  House  counterpart  of  a  Senate"  bill,  S. 
12H6,  that  has  been  introduced  by  Senator  Slade  .Gorton.  Both  bills 
are  concerned  with  establishing  programs  to  conduct  research  and 
development  for  improved  manufacturing  technologies. 

In  addition,  the  subcommittee  will  *  also  be  discussing  H.R.  4245, 
the  "National  Professions  and  Techngjpgy  Foundation  Act,"  which 
builds  on  another  bill  entitled 
,  tion  Act"  and  includes  some  threfttU 
which  address  national  needs  in  this-efrea. 

This  committee  has  an  ongoing  interest  in  innovation  and  tech- 
nological change.  It  i&  our  charter  in  the  Congress  to  be  a  public 
forum*  for  ideas  and  suggestions  that  respond  to  the  problems  in 
particularly  the  scientific  area.  Certainly  our  economy  needs  an  on- 
going heview  in  this  are* 'Our  problems  are  great,  and  the  pace  of 
jtfumge  is  perhaps  top  qiikk  far  this  organization  as  a  government 
to  ke*p  up  with.  On  the  other  hand,  we  want  tofc  follow  thege  areas 
as  closely'  as  we  can  to  bring  knowledgeable  comment*  into  a  formal 
process  which  can  then  be  there  for  the  review  of  other  Members 
of  this  body  and  other  goveflrthg  agehcifft  both  in.the  executive 
and  in  frhe  Congress,  so  that  We  have  a- record ffhot  cftn  gjve  us  the 
best  guidance  in  this  area.  <  * 
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Congressman  V\u\\u\  was  going  to  load  off  thin  morning  but  he  is 
HlarlinK  his  ovyn  hearing  down  the  hall,  and  therefore,  has  to  be 
delayed  in  the  agenda,  ho  let's  go  directly  to  Dr.  Tesar,  a  director 
and  graduate  research  professor  aMhe  Center  for  Intelligent  Ma- 
chines and  Robotics  at  the  University  of  Florida, 

I)r.  TcHiir,  welcome  back  to  the  committee.  We  appreciate  your 
being  here.  »Just  as  a  matter  of  form,  all  the  witnesses  should  know 
that  written  statements  will  be  reproduced  as  submitted  on  a  word- 
by-word  basis,  BcFHiey  will  be  in  the  record  for  later  review.  We 
certainly  want  to  encourage  you  to  use.  the  lime  that  we  have  for 
whatever  erqphasjs  of  points  and  development  of  points  that  you 
feel  it  would  be  good  to  focus  on.  Therefore,  if  you  would,  present  the 
oral  testimony  in  that  fashion.  We  certainly  appreciate  you  being 
here. 

HTATKMKNT  OF  OFLBFRT  TKSAR,  (JIIAD1IATK  RKSKA4CII 

PROtKSSOR  OF  MKCIIA'NICAI*  KNOINKKRINO,  AND  DIRK^tilR 
(  KNTKR  FOR  IJSITKIXKJKNT  MACIIINKS  AND  ROBOTICS,  UNI- 
VERSITY OF  FLORIDA 

I)r.  Tkmak.  Thank  you  very  much,  (Congressman  Walgren.  Again, 
it  is  a  pleasure*  to  be  backhand  to  have  another  opportunity  to  sup- 
port the  congressional  interest  and  activityJn  the  field  of  robotics 
in  manufacturing.  What  I  would  like  to  d^%  simply  to  mention 
that  my  testimony,  which  is  written,  covers;  a-"  finite  number  of 
-topics: 

First  of  all,  that  the  re  is  an  international  race1  thTit  is  ongoing  in 
the  field  of  robotics;  that  robotics  has  an  economic  basis  for  its  in- 
terest, not  only  by  Congress  btit  also  by  industry.  I  summarized  in 
the  testimony  a  fairly  extensive  statement  on  the  next  generation 
of  robot  technology,  which  is  appended  in' much  more  detail  at  the 
end  of  my  written  testimony. 

Fjilso  include4  in  this  writtei^  testimony,  structural/questions  to 
enhance  U.S.  .productivity,  which  looks  tA  some  of  the  principal 
•  issues  facing  industry  when  it  comes  to  technology  base  and  human 
capital  for  manufacturing.  Then  I  make*  a  few  specific  comments  on 
the  bills  themselves,  specifically  U.K.  4047  and  1LR.  441  T>,  referenc- 
ing some*  undated  data  that  I  am  now  presenting  to  the  committee 
on  what's  happening  in  our.  international  competitiveness  in  the 
trade  in  manufactures,  specifically  in  the  area  ofmicehanical  tech- 
nologies. * 

iSo*wlth  t^it  in  mind,  Congressman  VvHJgren,  I  wojjld  like  to  pse 
,k  ttje  overhead  projector  and  try  to  summarize  my  principal  point* 
bv  using  the  slides. 

Mr  Wau;kkn  Fine 

Dr.  Tksah  I  think  you  can  hear  me  adequately.  Is  that  right? 
JVIr.  Wai^kkn  Yes," fine. 

Djr  TtisAit.  First  of  altf  economics  for  U.S.  manufacturing  is  one 
of  the  points  J  hm  goirig  to  be  nriHirig,  looking  at  the  R  &  I)  prior 
itM£  ,()r  I  he  system,  very  quickly,  looking  at  th<j  U.S.  weakness  in 
t$jhnology*  associated  with  mnnufncturing^bnwfly  commenting  on 
-A  he  Internationa  I  race  for  robotics,  describing  very  .briefly  the  next 
•  generation  of  robot  technology,  and  then  specific  comments  on  the 
bill  itself    V  '  <> 
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«  *  Without  being  too  repetitive,  I  want  to  summarize  some  of  the 

V.  issues  which  may  put  this  robotics  hill  into  context  or  perspective. 

>.  First  of  all,  when  it  comes  to  the  gross  domestic  product  distribu- 
tion for  the  United  States,  manufacturing  remains  at  about  22  per- 
t,4nt  of  the  gross  domestic  product  which  overwhelms  all  of  the 
other  wealth  generators  that  we  have  in  Our  society.  Furthermore, 
I  Tnight  say  that  it  is  Very  similar  to  the  breakdownthat  you  have 
in  almost  every  industrialized  nation. 

In  the  trade  exports  and  importti,  we  find  some  new  issues 
showing  up  fairly  cletfHy.  Continuing  a  deficit  in  the  nonmanufac- 
tures  of  about  $f>0  billon  for  I9HH,  that  loss  seems  to  be  accelerat- 
ing for  19K4,  from  all  indications  in  the  public  media.  On  the  other 
hand,  M  percent  of  our  total  trade  is  in  the  field  of  manufacturing 
which  no  Ibngor  is  a  strong  indicator  of  the  strength  of  the  United 
States.  We  are  now  losing  «t  the  rate  of  about.  $M  to  $.%  billion 
explicitly  in  manufacturing  trade  for  IJW8,  and  it  looks  like  it  is 
going  to  be  much  more  severe  than  that  in  15)84,.  " 

Now  if  you  look  at  the  manufacturing  field  and  break  it  down 
into  four  component*,  exports  are  at  about  $f)f)  billion  for  mechani- 
cal and  about  $100  billion  imports,  so  we  huve  a  loss  of  about  $3.r) 
billion  jtvtt  in  mechanical  technology,  which  includes  the  making  tof 
shoes  and  clothing,  textiles,  Automobiles  and  equipment  of  that 
type.  ChVmicnls  arc  fairly  strong;  they  represent  12  percent  of  out- 
trade.  Fleet ricals  are  weakening,  we  might  say,  slightly  negative  m 
fact  at  this  point  at  IM  percent  of  our  total  trade  "Nonetheless,  our 
biggest  problem  is  right  in  the  field  of  mechanicals,  especially  in' 
the  civil  sector.  ' 

The  history  of  the  trade  in  the  mechanicals  can  he  shown  on  this 
chart  This  is  now  the  trade  bulimce  in  the  manufactures  in  bil- 
lions of  dollars,  this  being  $10  bitTion  right  here.'  You  see  that  it 
begins  to  weaken  in  trhe  U>nH,through  1«)72  period  ot  time.  It  had  a 

>  tremendous  shock  of  $20  bill  ion  because  the  OPKC  countries  invest- 
ed into  manufacturing  in  the  United  States.  In  lj)7.r>  there  is  a  very 
sharp  turnaround  because  of  the  international  weakness  in  the 
market  shares  of  different  countries,  and  also  OPKC  countries 
stopped  investing  in  the  United  States.  In  1!)7H  the  dollar  was 
weakened  such  that  we  had  a  turnaround  very  rapidly.  In  WHO 
when  the  dollar  was  strengthened  it  started  to  fail  very  rapidly,  so 
that  by  I0HU  the  loss  in  manufacturing  trade  balance  was  $2H  bil- 
lion, explicitly.  You  see. that  this  shows,  that  these  rather  drastic 

'  'changes  reacting  to  these  different  external  economic  pressures  in- 
dicates that  the  United  States  is  no  longer  an  isolated  society  wht\n 
it  comes  to  wealth  generating  and  manufacturing.  We  must  be 
more  and  more  conscious  of  our  international  competition  than  we 
have  boort  in  the  past. 

The  mechanicals  specifically  represent  most  ol  our  mnntllnctur- 
ing  capability,  and  their  trade  history  looks  something  likejthis.  Al- 
ready in  l!M>.r>  the  mechanicals  technology  was  weakening  rapidly; 
by  1!)72  losing  at  the,  rate  of  about  $4  to  $f>  billion;  a  $14  billron 

c      Hhfx'k  dining  the  period  of  the  OPKC  investment  into  U.S.  manu 

,  fact  tiring;  broke  extremely  rapidly  in  l!>7f>  down  to  the  point  where 
the  dollar  was  weakened  in  1D7H;  aVminll  resurgence  in  the  me 
clwinicals  not  very  much;  and  all  the  way  down  to  a  total  loss  ol 
$34'  billion  in  19Ki),  a  loss  bf  perhaps  $60  billion  or  more  lor  1S1H4. 
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So  tltiH  again  suggests  that  we  do  have  a  continuing  weaknem  in 
ne  tech  ha.st« .  human  capital,  investment  .capability,  in  manufac- 
turing in  the  Uni«%Stat(«,  specifically  in  the  mechanicals, 

I  he  breakdown  in  the  mechanicals-can  be  ween  somewhat  in  this 
char  Here  we  see  that  the  heavy-machinery  area  is  40  percent  of 
our  trade,  which  is  slightly  positive  oh  yf  There  is  a  strong 

history  in  this  area,  as  I  wilrsh*»w  you  on  the  next  chart  The  light 
machinery  area,  however,  ims  weakened  dramatically,  losing  $IH 
hll  ion  in  \m\.  Robots  ate  the  ultimate  light  machine;  the  ultimate 
ight  machine  meaning  quality,  precision,  response  to  the  market 
We  see  that  this  technology  base  is  not  strong  in  the  United  States 
where,  for  example,  in  northern  Europe  it  is  strong  and  depends 
heavily  upon  the  universities.  '  » 

Aircraft  is  about  a  percent  of  our  manufactures  and  is  a  strong 
winner.  Our  cars  and  trucks,  however,  essentially  25  percent  of  our 
total  trade,  was  about  a  $25  billion  loser  for  I so  you  see  the 
breakdown  in  the  mechanicals  indicates  that  we  have  two  primary 
deficiencies  ()ne  is  the  light  machinery  area,  which  is  precision 
technology  hkg_obotics,  and  one  is  in  the  area  of  aggregate  tech- 
nology asMociatJMtvith  automobiles. 

•  If  we  look  at  the  history  of  heavy  and  light,  we  see  this  that 
occurs:  I  he  heavy  machinery  nre.y  is  oscillating  In  response-  to 
international  pressors  like  all  other  technologies,  bht  primarily  it 
was  in  a  very  strong  position  during  the  l!)7f)  through  l«)81  period 
of  time,  but  p  now  beginning  to  fail  rapidly  becaUse  of  intense 
international  competition  in  the  heavy  machinery  nrelt,  specifically 
the  infrastructure  ychnologies  like  machine  tools  wMeh  are  easy 
to  target  by  other  countries.  isS 

Iaght   machinery,  however,  m  more  aggregate ,  of  technology 
covers  a  much  broader  range  offtpics,  but  you  see  tnut  ifdias  been 
falling  to  the  level  of  a  $18  billion  loss  in  UWA.  It  does  however 
oscillate  from  international  pressures  just  like  all  the  other,  manu- 
facturing fields.  *  \ 

In  the  aggregate  of  the  20  worst  mechanicals,  as  an  indication  of 
our  weakness  internationally  in  trade,  you  see  a  cumulative  loss  in 
^competition  for  the  United  States  that  looks  like  this.  You  have  es-  ' 
seatially  zero  loss  in  l%5.  losing  at  the  rate  of  $54  billion  for  19KH 
I  his  can  be  projected  to  a  loss  of  about  $75  billion  for  1984,.  "indicat- 
ing what  w<>  now  know  about  our  trade  in  the  manufacturing  field 
ho  1 1  you  just  take  20  of  the  most  Negative  trade  categories  in  the 
field  o   ymchjner}  and  mechanics,  which  is  th*>  kind  of  uniform 
technology  associated  with  robotics,  then  you  see  that  we  have  a 
uniform  tech  base  problem,  infrastructure  problem  for  the  United 
States  which  does  not  seem  to  be  self-correcting.  Unless  there  are 
new  incentives  brought  forward,  you  wouldn't  expect  correction  in* 
thai  particular  field.  1 

Now  did  we  get  to  this  position  of  difficulty  in  our  trnde  and 
competition?  To  some  extent  you  can  see  that  we  do  provide  very 
high  levels  of  risk  capital  from  the  Federal  (lovernment.  Forty  per- 
cent of  the  risk  capital  for  electrical  technology  in  the  United  1 
States  comes  directly  from  the  Federal  Uovernment.  For  aircraft  " 
77  percent  of  their  money  comes  explicitly  from  the  Federal  (Jov» 
eminent .  and  these  numbers  are  actually  increasing  since  the 
period  of  time  when  this  information  wan  available,  in  1!)7(>. 


ERLC 


I) 


17!) 

^On  the  other  hand,  machinery,- where  robotics  is  properly  locat- 
ed to  produce  products  to  competes  in  the  civil  sector  has  only  (i 
percent  of  the  Nation  s  R&D  and  very  little  money  From  the  Feder- 
al Government  to  provide  long-term  development,  new  initiatives, 
human  capital,  that  sort  of  thing.  So,  again,  we  have  almost  no 
doubt  in  our  interpretation  of  why,  the  United  States  is  having  dif- 
ficulties in  the  civil  sector  manufacturing  field.  1 

Now  we  also  need  to  look  at  how  we  compare  the  civtil  sector 
trade,  which  is  (50  percent  of  our  manufacturing  trade,  With  our 
R&I)  nationally.  Here  you  see  we  have  about  (50  percent  of  our 
total  trade  in  manufacture!)  supported  by  (>  percent  of  the  Nation's 
R&D,  so  there  is  about, a  10  to  1  imbalance  between  what  we 
should  expect  in  the  .manufacturing  field  and  what  we  actually  put 
into  it  On  the  other  hand,  you  see  the  chemicals  area  and  the  elec, 
tricalsWea  are  very  strong  irt  R&D  and  aircraft  is  very  strong  in 
R&I)  relative  to  the  trade  percentages,  so  we  see  there  is  a  major 
imbalance  associated  with  the  civil  sector.  ^ 

On  the  other  hahd,  we  know  that  to  a  great  extent  the  Federal 
(lovernment  provides  the  longest  lead  time  research  commitments, 
advocacy,  and  human  manpower,  human  chpital  and  what  have 
you,  and  now  we  see  some  really  strong  imbalances.  Some  of  this* 
has  been  presented  to  the  committee  in  the  past  but  I  want  to  put 
it  all  together  in  perspective— BO  percent  of  our  trade  supported  by 
0.7  percent  of  the  Federal  R&D  dollar,  which  means  that  you  have 
essentially  an  HO  to  1  or  roughly  a  100  to  1  imbalance  between  the 
civil  sector  priorities  for  manufacturing  and  the  technology  base. 
The  longest  term  commitments  to  a  tech  base  would  be  human  cap- 
ital. We  are  putting  at  the  Federal  level,  virtually  no  money  in  this 

area  at  all.  '  .,« 

/  On  the  other  hand,  if  you  look  at  the  electricals  at  A\  percent 
and  the  aircraft  at  54  percent  of  the  total  R&D  dollar  for  manufac- 
ture, you  have  a  total  of  H(i  percent  of  the  Federal  R&D.dollar  in 
those  two  categories.  I  sit  on  the  Science  Advisory  Board  for\he 
Air  Force.  In  that  capacity  I  have  a  very  high  level  of  awareness \f 
the  threat  issue,  and  1  wouldn't  by  any  means  whatsoever  diminish 
these  particular  levels. of  priority.  I  would,  however,  suggest  that 
this  imbalance  is  no*to  our  great  benefit. 

One  other  issue  that  needs  to  be  looked  at,  and  it  was  partially 
looked  at  recently  by  the  administration  in  the  tax  bill  in  1981,  but 
there  tire  still  some  overall  problems  for  the  overall  percentage  tax-  * 
ation  rate  for  U.S.  capital.  If  yotl  look  at  the  /,ero  inflation  rate,  6.7. 
percent  inflation  rate,  10  percent  inflation  rate,  in  turns  of  the 
bHHia  of  taxation  in  the  area.of  manufacturing,  commerce,  and  the 
service  sector,  you  find  out  at  roughly  the  (i  or  7  percent  inflation 
rate  manufacturing  has  to  pay  today  about  4  times  as  much  for  its 
capital,  to  continue  its  investment  in  human  capital  and  new 
plants  and  equipment,  as  does  the  service  sector.  That  really  means 
one  of  the  basis  problems  we  have  in  manufacturing  in  this  coun- 
try is  the  ability  to  rWnwst  without  long-term  risk  capital  from  the 
Federal  Government.  So  risk  capital  in  nondefense  manufacturing, 
for  long  lead  time  development,  is  just  too  expensive  and  we  have  a 
hard  time  staying  alive  relative  to  societies  that  do  the  reverse  or 
have  inversp  priorities. 
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As  a  method  of  financing  new  initiatives,  what  have  you,  debt  fi- 
nancing lias  a  negative  tax  base  of  about  minus  2'A  pmvnt  at  an 
inflation  rate  of  15.7  percent,  where  for  example  new  issues  of  stock 
cost  you  H7.7  percent  and  ataiucd  earnings  cost  you  f>7,:{  percent, 
with  a  desired  10  percent  return  on  investment.  So  we  say  that  in 
general  lor  those  kinds  of  industries  that  arc  highly  cyclical,  like 
the  machine  tool  industry,  those  industries  that  cannot  predict  cer- 
tainty in  the  market,  that  have  a  lot  of  international  competition, 
like  the  machine  tools,  thirtl  tier  contractors,  et  cetera,  debt  levels 
must  he  as  low  as  possible  just  to  survive  because  of  the  cyclic 
nature  of  investment.  So  we  have  then  a  problem  of  risk  capital  for 
IF&I)  and  long-term  development  because  of  this  tremendous  inver- 
sion of  priorities  and  the  incentive  tax  base  that  we  have  for  the 
United  States  in  manufacturing. 

What  is  the  end  product  of  that?  The  end  product  of  that  is  that 
the  Japanese  and  northern  Kuropean  countries  are  investing  at  a 
much  higher  rate  into  plants  and  equipment,,  human  capital,  and 
new  technology  than  we  are.  The  Japanese  are  investing  at  the 
rate  of  21  percent  for  the  period  l!)72-7H,*while  the  United  States  is  » 
investing  at  the  rate  of  14. fi  percent,  so  it  is  very  clear  that  there  is 
not  enough  reinforcement  in  our  system.  The  end  product  of  this  is 
thnl  therv  is  almost  a  perfect  correlation  between  the  lack  of  In- 
vestment on  the  United  States  part— here  is  your  investment  rate, 
up  to,  M  percent  for  the  Japanese -and  your  productivity  growth 
for  the  United  States  at  the  lower  end  of  the  spectrum  of  all  the 
competing  nations.  We  see  then  that  Japan  is  very  strong  in  its  in- 
vestment rate  and  growth  in  productivity.  This  correlation  .suggests 
that  this  is  more  or  less  uniformly  the  case  among  all  Western 
countries.  So  if  we  do  have  a  good  correlation  between  input  and 
output,  we  know  that  input  is  a  primary  difficulty  in  our  policy  in 
the  United  States, 

If  we  just  look  at  one  specific  issue  -that  is,  the  light  maijhinery 
area,  an  $1H  billion  loss  in  again  which  is  primarily  associat- 

ed with  technology  robotics— our  basic  industry  is  going  to  other 
countries.  This  is  one  of  the  most  logical  and  expected  results  of 
not  being  able  to  invest.  The  jobs  associated  with  these  industries 
are  being  exported,  pressures  on  technological  institutions  like  uni- 
versities and  research  laboratories  are  being  reduced,  and  there  is 
loss  of  tax  hase  to  the  Federal  Government  itself. 

The  ultimate  light  machine  is  a  robot,  which  means  precision, 
fluidity,  generic  technology,  reduced  cost  of  the  product,  and  flexi- 
bility that  is,  response  to  the  market.  We  need  to  work  in  the 
f  add  of  robotics  so  we  can  protect  at  least  this  field  of  light  machin-' 
ery  and  Jhe  products  of  those  machines. 

One  question  that  is  frequently  raised  is  the  question  of  tariffs: 
Should  we  not  protect  our  home  market  with  tariffs?  All  indica- 
tions from  a  study  that  I  made  of  the  Australian  environment  is 
that  that  would  be  a  very  foolish  idea.  This  slide  here  simply  high- 
lights my  conclusion,  which  is  that  if  you  look  at  the  percent  of 
protection  that  the  Australians  have,  which  is  a  Very  uniform  ac- 
tivity foj-  the  Australians  they  are  v<*ry  conscious  of  tariffs  for 
example,  in  the  area  of  clothing  they  Jllve  a  total  of  KM)  percent 
protection  Machinery  and  appliances  has  about  40  percent  protec- 
tion. What  you  have  here  is  a  percent  of  penetration  into  the  home 
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marketH  relative  In  the  protection  in  those  horye  markets  in  Aus- 
tralia, and  you  see  that  thcinir^e  is  almost  perfec  tly  smooth  -  that 
ig,  there  is  almost  a  perfect  inverse  correlation  between  the^protcc- 
tion  that  the  Australians  have  and  the  penetration  into  the  home 
markets,  which  surest*  that  no  other  protection  exists  in  the  Aus- 
tralian market  That  is,  from  my  point  of  view,  U'chnofogy— the 
other  protection  that  you  might  provide  to  protect  your  jobs  and 
wealth  -is  not  existent  in  Australia,  and  there  are  a  lot  of  reason  a' 
ble  explanations  for  that  in  the  Australian  casts 

To  summarize  what  I  have  said,  I  would  just  like  to  point  out 
that  IS  percent  of  our  total  national  K&I)  supports  mechanical  man- 
ufactures, so  we  have  a  10  to  1  imbalance  overall.  Only  0.7  percent 
of  the  total  Federal  R&D  supports  HO  percent  of  our  trade,  so  we 
have  essentially  a  100  to  1  imbalance  between  Federal  policy  and 
Cconomic  reality.  Thert1  is  a  lack  of  ^correlation.  This  lackol\eorre- 
lation  between  W  R&D  policy  and  economic  reality  indicates  that 
we  don't,  have  a  national  policy.  We  have  national  policy  in  certain 
areas  but  not  in  the  civil  sector.  Other  nations  have  national  policy 
*  in  the  civil  wet  or,  and  they  are  capturing  our  homv  markets. 

These  bills  deal  directly  with  the  low  manufacturing  R&D  capital 
and  manpower  for  the  civil  sector,  and  therefore  I  support  them 
very,  very  strongly,  . '  * 

There  is  an  international  race  ongoing  in  the  field  ot  robotics. 
Whether  we  Ifke  it  or  not,  it  is  very  symbolic,  very  much  like  the 
field  of  computers  20  years  ago.  It's  very  much  -in  infancy.  None- 
theless, robotics  is  a  sunrise  industry  as  perceived  in*  Japan.  They 
have  tax  incentives  to  invest,  and  they  have  at. least  BO  percent  of 
the  worlds  robots  today  in  .Japan.  France  has  a  $4M\i)  million,  H- 
year  program,  development  program  for  robotics,  a  long-term  com- 
mitment similar  to  those  in  the  proposed  bill  Russia  has  a  major 
national  plan.  I  was  there  and  reviewed  their  program  I!  years  ago. 
Major  institutes:  Moscow  has  machines,  Kiev  has  weldi/ig,  Riga  has 
manufacturing  robois.  East  Germany  has  been  committed  by 
Brezhnev  himself  to  develop  robotics;  and  I  had  indirect  confirma* 
tion  of  that  a  week  ago  from  a  very  well-placed  researcher  in  the 
Fast  who  told  me  that  Fast  Germans  are  nbw  extremely  vigorous 
in  the  Held  of  robotics,  and  I  suspect  very,  very  few  people  are  even 
aware  of  that  initiative  in  Kast  Germany.  Bulgaria  has  an  ongoing 
institute  for  robotics  and  is  one  of  the  superior  countries  and  very 
committed  to  its  development. 

The  United  States,  for  example,  has  major  increased  interest  in 
DOI)  for  robotics,  and  we  shouldn't  ignore  the  role  that  DOD  is 
going  to  provide.  On  thuother  hand,  I  have  to  say  that  in  the  civil 
sector  there  is  itf)  cohesive  program  of  any  magnitude4  in  the  robot- 
ics field  that  wortld  be  competitive  with  thosr  of  the  civil  sectors  in 
France*  and  .Japan  and  Northern  Kurope. 


Briefly.  I  would  like  to  talk  about  the  next  generation  robot  tech- 
)logy  This  in  itself  would  take  perhups  several  days  to  describe, 
it  I  will  just  give  you  the-  Hid  T>»r<  oHt.  Kirs*jf  all,  the  first  gen- 
4enUally  a  rend  ^•ry  rtyiebiTie.  This 

larfmm  1%0  through  1175  fhe  s?»eond  gen- 
\  C<xmpu*rr  Control,  generio'motion  planning 


nology 

but  I  w..  j...  , 
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robot  essentially  exists 

eration  is  Continuous  C<xmpi*er  (Control,  generic* rtiotipn  planning 
for  complex  assembly  ijjkI  pressing.  \Ve  are  snftou)/  JRilfway 
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through  that  generation  today.  This.t<.\. 
iH  now  boinK  marketed  ucrosH  the  wdrld;  „. 

The  third  generation  is  based  on  ^al¥tte%k»Amic  model, 
clewed  loop  operation  relative  to  unit  fcroceati  i  ^{performing  and 
wt  l  do  precision  operations  Under  mt^qr  dlsturb^ces.  This  tech- 
nology doesnot  exist  today.  .There  in  rt(>\  Pi#t  ^jti|tei)t-Awith  this 
eehnology.  On  the  other  hand,  we  will  ■  neve  tv  gat  \tfch£  ftictory  of 
the  future  without  it.  ..\         \ .  W  \ 

The  fourth  generation  technology  tha^  we  cah  tjoint  to  k  very 
very  similar -to  the  fourth  generation  computer,  >w|ich  is  based  on  . 
modules  of  the  technology  like  computer  chips.  We  want  to  build 
robots  that  have  component  modularity.  We  Want  robot  software 
and  hardware  units  that  can  be  ttssembled  rapidfy,  so  that  have 
rapid  diffusion  of  new  technology  without  disturbing  the  System 
,    hat  s  what  we  do  with  computers  today.  This  reduces  cdsts  and  re- 
duces the  design-to-market  cycle  time  that  we' now  have  in  robotics 
technology.  <•  •  . 

How  am  we  judge  where  "the  future  is  for' the  next  generation  of- 
robots.;  Kssentially,  we  have  a  list  of  advanced  applications  We 
have,  lour  primary  topics:  industrial  automation,  energy  systems 
operations,  military  operations,  human  augmentation,  and  agricul- 
ture. In  each  of  these  areas  of  activity  we  dan  list  about  five  princi- 
pal applications  that  arc  yet  to  be  met  by  robot  technology 

On  the  basis  of  this,  you  can  get  a  fairly  good  ided  of  where  the 
Uturc  of  robotics  technoloKy  should  go.  If  you  analyze  that  relative  ' 
to  component  technologies  that  have  to  be  brought  forward  you 
can  rank  the  future  component  technology  research  that' has  to  be 
performed.  ■  ,  ;$ 

First  df  alt,  irl  the  near  term— not  all  the  technologies  being  in- 
cluded there  structural  geometry  ranks  No.  l.The  man/machine 
interlace  m  No.  ^  and  we  will  find  out  eventually  that  man/ma- 
chine interface  will' be  the  most,  important  long-term  component 
technology  lor  robotics.  Prime  movers,  sensors,  graphics,  communi- 
cation interfaces,  computer  arehitecture-this  shows  a  priority 
which  should- now  be  accepted  by  the  developers  and  managers  of 
industrial  labs.  On  the  other  hand,  in  the  long  term-whieh  is 
where  university  laboratories  perhaps  should  be  -  we  find  man/ma- 
chine interface  to  be  right  on  top,  completely  contrary  to  the  pur- 
suance ol  autonomous  machines  today.  Looking  at  this  analysis  in 
some  depth,  the  number  one  priority  10  to  15  years  from  now  will 
™ -Jp1 i»mbinution.  <>f  man  and  machine/and  the  argument  should 
n<rSbmething  like  this;  If  you  look  at  the  computer,  the  way  you 
use  it  today,  it  is  an  interactive  fashion.  The  computer  is  interac- 
tive because  it  augments  the  human.  What  we  want  is  robot  tcclfc* 
nology  to  do  the  same  ,in  the  future;  we  want  the  robot  tp  make 
humans  more  effective,  in  its  decisionmaking  capability  or  its  man- 
ufacturing capability  or  handling  whatever  he  has  to  perform. 

Vision  will  be  No.  2.  Computer  architecture,  the  most  important 
technology  lor  mechanical  engineers,  must  be  built,  and  we  are  not 
being  given  f-nough  support  from  industry  in  this  area.  Artificial 
intelligence  is  No.  4;  sensor  technology;  intelligent  control;  commu- 
nication interfaces. 
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'This  shows,  then,  the  mofct* important  component  technologies  for 
J  he  future  in  the  long-term  laboratories  that  should  be  built  up  rel- 
ative and  in  response  to  this  bill. 

Now  how  do  you  judge  whether  you're  making  progress  on  the 
next  generation  of  robots?  Well,  you  need  to  establish  a  finite 
number' of  criteria,  so  I  haVe  listed  a  total  of  14  criteria  and 
.matched  them  against  the  applications,  so  for  all  groups  of  applica- 
tions you  will  find  that  the  level  of  machine  intelligence  will 
become  the  No.  1  criterion  for  success  for  this  technology  as  we 
move  forward.  Multiple*  task  capability — how  generic  is  the  tech- 
nology? How  many  different  tasks  can  one  machine  do?  Reliability, 
mobility  and  portability,  precision,  and  time-efficient  operations — * 
of  the  14,  those  are  the  most  important  eriteria\for  success  of  the 
next  generation  of  robots,  so  we  do  have  measures  for  what  We 
mean  by  this  future  technology.  We  do  not  have  to  guess  at  what 
this  technology  might  be.*  # 

Here  is  one  example  that  I  would  like  to  point  out  to  you,  This  is 
sirpply  a  little  robot,  about  inches  long,  that  is  intended  to  dupli- 
cate the  dexterity  and  the  motion  capability  of  a  human  surgeon, 
What  you  are  trying  to  do  here  is  couple  his  intelligence  and  en- 
hance his  motor  capacity.  The  motor  capacity  of  the  human  sur- 
geon is  heavily  limited  by  jitters  and  imprecision.  What  we  want  to 
do  is  make  the  machine  intelligence  and  the  robot  technology  pre- 
cision augment  the  surgeon,  so  that  he  can  do  a  lot  more  oper- 
ations more  delicately,  perhaps  even  remotely  if  necessary,  than  he 
could  do  before.  This  little  ronot  has  a  very  specialized  force  sensor, 
and  dual  ceramic,  friction  Iras  bearings.  It  is  essentially  a  throw- 
away  robot.  All  the  intelligence  is  removed  back  here„between  the 
man  and  the  computer,  rjj— 

One  other  component  that  we  have  developed  at  the  IJniversitj^R 
of  Florida  conceptually,  and  we  do  a  lot  of  these,  this  is  a  module, 
[t  is  what  we  call  a  "Florida  shoulder. M  It  ha*  •{  degrees  of  freedom. 
It's  one  of  the  modules  that  we  would  like  to  build  up  over  a  long 
period'  uptime,  put  it  on  a  shelf  and  make  it  available  to  the  de- 
signer tfo  he  can  put  them  back  together  with  an  expert  design 
system,  so  that  eventually  you  have  a  very  rapid  turnover  of  tech- 
nology from  one  decade  or  one  generation *to  the  next. 

I  would  Jike  to  make  some  specific  comments  on  the  bills,  first  of 
all  on  the  bill  U.K.  4047  having  to  do  with  robotics.  I  would  have  to 
say  that  there  is  an  excellent  sense*  of  purpose,  direction,  and  mag- 
nitude* in  this  bill.  This  is  a  remarkable  bill  because  it  has  a  finite* 
sot  of  goals,  it  has  finite  funding,  it  hys  finite  technology  base  ob-  . 
jeetives,  manpower  objectives,  and  so  on.  Therefore,  I  would  suggest 
that  the*  funding  and  the  purpose  and  magnitude  are  all  more  or 
less  properly  done      *  . 

There*  is,  in  addition,  no, implied  sunset  in  this  bill,  which  is  good, 
i  ;      I  can  assure  you,  There  are  no  implUHl  indexes  for  inflation,  howev- 
•      er,  which  I  would  prefer-- some  indexing  in  the  dfollar  level  of  fund- 
ing Base  money  must  grqw  with  inflation.  The  implied  number  of 
centers,  then*  an*  suggested  about  10  by  implication,  whicji  means 
there  would  be*  about  $H  million  per  year  for  haso  funding  for  (Mich 
of  these  centers,  roughly.  My  feeling  is  that  this  seems  a  little  low 
in  today  s  market.  When  you  consider  human  capital  is  going  to  be 
>        expensivcsJr  you  want  excellence  in  these  centers,  it  is  #oing  to  be 
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very  expensive  to  (nil  people  together.  Twenty  people  would  rapidly 
absorb  that  kind  of  funding,  if  you  put  support  people  around 
them. 

Manpower  development  must  be  a  high  priority.  I  would  like  to 
emphasize  this  point  a  little  bit.  It  is  important  that  these  laborato- 
ries be  intimately  associated  with  universities.  There  is  no  need  to 
establish  additional  autonomous  laboratories  for  this  technology. 
What  then1  is  a  need  for,  however,  is  to  couple  universities  and  in- 
dustry with  these  centers,  by  means  of  these  centers,  and  human 
capital  must  be  one  of  the  primary  outputs  of  these  centers.  If  that  $ 
is  true,  thun  universities  must  be  the  framework  for  the  existence 
of  the  centtVr.  It  can't  be  some  autonomous  appendage  that  the  uni- 
versity once  irt  a  while  acknowledges  its  existence,  60  we  want  an 
intimate  relationship  between  this  center  and  the  university. 


year.  I  would  say  that  its  primary  priority  should  be  tech  trans- 
fer— accessments  of  robot  technology,  economics,  university  subcon- 
tracts or  at  least  for  the  coupling  of  thejr  priorities  with  universi- 
ties, and  then  also- library'functions.  In  other  words,  where  else  can 
industry,  small  industry  in  particular,  go  for  knowjedge,  knowledge 
base  in  this  field  of  robotics  but  to  NJ3S?  NBS  should  be  a  focus  for 
,  this  kind  of  service,  and  I  think  tech  transfer  is  one  of  the  prior- 
ities, the  first  priorities  that  could  be  met. 

Specific  comments  on  U.K.  441  T>,  which  is  the  manufacturing  sci- 
ences bill:  The  sense  of  purpose  is  correct  and  the  setjpe  of  direction 
is  correct,  hut  not  well  defined.  It  is  very  difficult  to  find  out  exact- 
ly wh*U  was  intended  by  the  bill,  from  my  point  of  view.  However, 
the  sense  of  magnitude  is,  I  am  sorry  to  say,  woefully  lacking,  con- 
sidering t.h#.  magnitude  of  the  problem  now  faced  in  manufactur- 
ing; considering  the  breadth  of  wht'ul  we  mean  by  manufacturing. 
,  We  are  losing  at  the\rate  of  aboujt  $100  billion  per  year  in  1984 
in  manufactures  trade.  IT'we  just  put  aside  1  percent  of  this  loss,  it 
"r  would  mean  we  would  have  to  set  ayide  at  least  $1  billion  per  year 
to  hiive  an  ability  to  have  impacVUn  this  problem,  so  magnitude  is 
an  extremely  important  issue,  and  to  suggest  that  we  can  deal  with 
this  problem  with  small  magnitude  is  a  mistake.  We  must  have 
finite  gfials  for  a  bill  of  this  type,  so  I  think  that  that's  where  the 
magnitude  problem  I  have  comes  up. 

For  example,  the  $f>0  million  a  year  intended  by  this  bill  repre- 
sents a  very  small  first  step.  It  will  not  be  an  effective  national 
policy,  and  that's  the  fundamental  issue  that  I  would  like  to  raise 
on  this  bill. 

Now  to  give  you  some  idea  of  the  magnitude  of  the  problem  for 
manufacturi^  science,  you  can  tabulate  tfome  of  the  major  areas  of 
interest  that  should  be  dealt  with.  Light  machinery  systems — tre- 
mendous impact  on  society  if  we  don't  nave  a  light  machinery  tech- 
nology base,  human  capital.  Northern Ku rope  fluxx  a  very  high  pri- 
ority in  t|iis  area.  You  have  virtually  nothing  in  this,  Country. 
Heavy  machinery  is  pretty  well  dealt  with  in  the  United  States  al- 
ready hut  we  need  major  continued  emphasis  in  thiff  area. 

Manufacturing  processes    welding  and  force  forming  or  what 
have  you    industriak^obots,  human  augmentation  —remote  robot-  »» 
ics  systems  is  not  being  dealt  with  anywhere  in  the  United  States, 
except  at  the  Department  of  Defense.  Artificial  intelligence,  elec- 
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tromechanicnl  prohli-uiH  like  prime  movers  and  sensors  an\l /preci- 
sion encoders,  engineering,  economic  and  human  factors-Vail  of 
these  things  should  he  dealt  with  in  some  depth,  and  so  the/magni- 
tude of  this  hill  is  not  sufficient  to  deal  with  much  oL/thij/  Maybe 
one  of  these  sectors  could  be  dealt  by  this  hill. 

Using  the  Air  Force  as  a  model,  there  is  nrt  question  that  the  Air 
Force  has  a  very  well  established  set  of  laboratories,  approximately 
IH  research  laboratories  They  are  cohesive  and  they  are  targeted. 
They  have  funding  befVmni  $JH)  and  $400  million  per  year  each 
with  integrated  Air  Force  R&D  policy.  This  is  not  just  haphazard. 
It  is  very  well  structured,  miss  ion -oriented,  long-term,  and  ex- 
tremely effective,  so  we  can  #et  a  very  good  Idea  of  the  sense  yf 
magnitude  if  you  look  at  the  laboratories  like  the  Air  Force  labs  as 
a  guide. 

So,  overall  comment,  theuxFirst  of  all,  U.S.  productivity  growth 
is  below  other  nations.  This  is  one  of  the  realities  we  now  have  to 
lace.  Punitive  U.S.  tax  laws  work  against  long-term  development  in 
the  United  States,  especially  in  the  civil  sector.  Trade  loss  in  manu- 
facturing in  ISW'l  approaching  $100  billion  per  year.  This  is  real 
magnitude. 

CiVU  neetor  manufacturing  has  little  risk  capital  or  human  cap- 
ital with  which  to  compete,  aggressivefy.  Essentially,  the  argument 
might  be  that  Jfhero  would  be  spin-offs  f\om  the  defense  sector,  and 
certainly  there  is  a  lot  of  technology  in  the  defense  sector.  Howev- 
er, to  absorb  the  technology  base  that  we  are  providing  in  the  de- 
fense sector  means  that  you  have  to  have  a  viable  tech  base  and 
human  capital  base  in  the  civil  sector  to  make  that  absorption 
rapid.  We  don't  seem  to  have  enough  there  across  the  board. 

We  know  that  technology  is  40  percent  of  the  problem.  There-, 
fore,  it's  not  all  the  problem  but  it's  certainly  a  very  important 
game  player.  We  should  look  at  the  fact  that  the  take-home  pay 
per  worker  in  the  United  States  has  dropped  roughly  50  percent 
relative  to  other  competing  Rations  in  the  last  decade,  so  we  no 
longer  have  the  strongest,  superior  productivity  in  the  world. 

Last  slide,  then.  Long-term  risk  capital:  H(i  percent  of  Federal 
ft'&I)  for  manufacturing  goes  to  two  areas,  electronics  and  aircraft, 
which  leaves  out  to  a  great  extent  our  civil  sector,  and  it  goes  to 
the  defense  sector  so  that  they  remain  competitive,  and  that  is 
properly  so.  Many  manufacturing  areas,  however,  in  the  United 
States,  like  machine  tools,  need  enhanced  risk  capital  now.  They 
just  cannot  survive  much  longer  without  tremendous  infusioh. 

For  example,  in  Florida,  you  go  to  n  jfown  very  close  to  me  in 
Ocala  and  you  will  find  a  company  that  has  !)f)  percent  of  its  ma- 
chines imported  for  manufacturing  from  Japan,  and  we  arc?  going 
to  see  a  lot  more  of  that  tis  time  gjoes  on.  j 

The*  robotics  bill  is  well  conceived  and  will  be  of  real*  value  to  in- 
dustrial policy  for  the  United  States.  The  manufacturing  sciences 
bill,  however,  \{\  my  opinion  is  too  weak  in  magnitude,  primarily, 
and  not  well  defined  as  to  mission  and  cohesive  structure  for  a  re- 
sponse to  the  problems  we  now  face. 

So  with  that  as  a  summary,  I  will,  be  happy  to  respond  to  any 
questions. 

[The  prepared  statement  of  Dr.  Tesar  follows:) 
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L      THE  ROBOTICS  RACE  IS  ON 

t  * 

(Adapted  from  a  lead  article  In  f^J^i^s  World,  January,  1983,  pp.  32<-33) 

\         %  \ 

Beginning  In  194b,  the  technology  of  robotics  was  derived  from  the  urgent 
need*  associated  with  handling  nuclear  materials.    Since  1970,  however,  use  of 
the  robotic  manipulator  capable  of  duplicating  complex  human  motor  functions 
In  Industrial  applications  has  made  significant  In-roads  In  .the  field  of  auto- 
mation.   Today,  Japan  has  established  Itself  as  the  leader  with  more  than  4b 
percent  of  the  world's  robots.    The  United  States,  Northorn  Europe,  especially 
francv,  and  Russia  are  establishing  robot  Industries  In  their  countries,  with 
varying  degrees  of  government  assistance. 

9 

The  relative  importance  of  robotics  to  an  Industrial  country  can  best  be  - 
Illustrated  In  terms  of  the  economic  significance  of  mechanical  automation  in 
civil  sector  manufacturing.    The  U.S.  robotics  effort  is  the  least  coheslvg  1n 
terms  of  a  targeted  national  research  and  development  plan  when  considering  all 
Indicators.    Manuf ac turid  goods  represent  bO  percent  of^ total  U.S<  trade  activity, 
with  mechanicals  (automobiles,  office  machines,  cameras,  et  at.)  representing  00  t 
percent  of  that  total.    Yet  only  six  percent  of  tne  nation's  research  and  develop- 
ment money  'is  spent  to  support  this  Important,  portion  of  U.S.  Trade.  Further- 
more, only  0.7  pen  i»nt  of  the  oy>.  government  research  and  development  In  manu- 
facturing goes  to  enhance  technology  associated  with  mechanical  manufacturing. 
This  has  led  to  a  weakening  of  U.S.  trade  capacity  1n  manufactures  (I.e.,  value 
added  goods ) . 

The  imbalance  between  the  amount  of  mechanicals  sold  by  the  U.S.  and  the 
amount  of  research  and  development  money  Invested  In  the  manufacturing  process 
Is  at  the  corf  of  the  U.S.  trade  weakness  In  that  field.    This  Is  most  vividly 
demonstrated  by  the  fact  that  the  20  worst  deficit  generators  In  the  mechanical 
trades  category  created  a  $54  billion  trade  loss  In  1983»  equivalent  to  the  U.S.'s 
trade  loss  In  ol 1 .  • 

In  19/fl.  Japan  had  a  S63  billion  surplus  In  manufactures  and  Germany  had  a 
$49  billion  surplus,  primarily  In  civil  sector  goods.    These  countries  have 
strong  national  priori  ties  to  vigorously  pursue  vital  technologies  such  as  robotics 
for  nwfnufar. turlnV    By  contrast,  Australia  had  a  $1U  billion  trade  deficit  In 
manufactured  goods  (an  equivalent,  comparatively,  of  $200  billion  for  the  U.S.), 
with  negative  trade  ratios  approaching  ten  to  one  In  several  categories.    It  Is 
important  to  realize  that  110  percent  of  the  manufacturing  In  Australia  Is  mechanical 
in  nature.    In  rm>*4^ailu»tr1a I  countries,  it  Is  estimated  that  mechanicals  represent 
70  to  HO  percent  of  manufactured  goods.    It  Is  In  the  field  of  ouallty  (precision) 
mechanical  manufacturing  capable  of  rapidly  following  a  market  (the  customized 
product)  for  a  competitive  price  (more  or  less)  that  robots  can  play  a  major  role.* 
Robotics-  and  the  concept  of  the  Intelligent  mach1ne--1l  an  emerging  technology  : 
which  can  be  used  as  a  catalyst  to  strengthen  civil  sector  manufacturing.  There- 
fore, the  field  is  of  the  highest  importance  to  a  nations  economic  well-being. 

During  the  past  two  years,  the  Russians  have  established  robotics  development 
and  applications  as  a  top  national  priority.    Several  scientific  academies  and 
Institutes  have  established  research  teams  comprfted  of  20  to  100  members  each. 
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The  Paton  tleotrlc  Welding  Inst  Hue  In  Kiev  li  the  largest.    Tim  Soviet  Union's 
current  five-year  pUn  calls  for  the  construction  of  40,000  robots.  Progress 
is  occurring  in  Russia,  since  robotics  manufacturing  increased  88  percent  in  1982 
to  a  total  of  3,600  urfits.    The  range  of  applications  is'very  similar  to  those  In 
the  West.    The  Sovlits  have  been  major  buyers  of  Western  robots,  Including  50* 
Unlmatlon  robots  and  sevoraJ  Trench  welding  robots  by  Sciaky.    jUe  Soviets  are 
known  to  have  theoretical  strengths  in  artificial  Intelligence  (Leningrad),  vision 
(Kiev),  and  structural  kinematic?  (Moscow).    ThefrVrlmarij  weakness  derives  from 
their  lack  of  proven  component  technologies,  Including  compact  microprocessors, 
encoders,  servo-valves,  precision  hydraulic  and  electrical  prime  movers,  and  Other 
robotic  devices.    Overall,  the  Russia  technology  Is  believed  to  bo  a  decad^T 
behind  thai  of  the  West.  •* 

Among  the  Communist  bloc  countries,  Bulgaria  represents  a  major  center  for 
robotics  development  outside  of  Russia.    A  factory  for  robotics  15  being  established 
In  Last  Germany  and  cooperative  ventures  among  the  las  tern  bloc  countries  In  robot 
welding  cells  are  being  pursued.    An  extensive  effort  to  standardize  robotic 
systems,  software,  and  components  Is  now  being  undertaken  by  principal  decision  rrtakers 
In  the  CONtlON  countries.    This  effort  Includes  a  world-wide  survey  of  the  state- 
of- the  art  which  will  result  In  the  listing  of  technical  requirements  to  meet 
projected  needs  over  the  nex£ decade.    On  this  foundation, t component  and  system 
technologies  will  be  delegated  to. groups  In  the  vrfrious  countries  for  research 
and  development  apd  manufacture.    The  goal  Is  to  create  a  rapid,  but  oderly, 
expansion  »f  robotics  technologies  in  the  Eastern  bloc.    The  Importance*  of  this 
effort  was  highlighted  by  a  trip  by  the  late  President  Dre/hnev  to  iai't  Germany,  In 
1981,  to  organize  that  country's  portion  of  this  cooperative  venture.  4 
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The  Trench  government  recently  has  added  robotics  as  a  new  element  to  Its 
national  strategy  for  enhanced  technological  vitality.    IU  minister  for  reswrch 
and  Industry  has  proposed  to  spend  1360  million  over  the  next  three  years  for 
robotics.    This  program  includes  136  million  for  equipment  at  research  laboratories; 

million  for  research  grants  to  develop  advanced  robots;  afod  four  to  iMve  V,. 
geographically  distributed  robotics  research  centers.  The  minister  states  that  '"■ 
the  goal  is  to  hoost  Trench  productivity  by  seven  percent  annually  during  the  next 
decade.    ThlS  Is  twice  the  Jncrtf'ase  expected  In  the  United  States. 


p  Jn 


V  | As  we  look  ahead  to  tlrc  next  generation  of  robot  systems,  we  see  not  the  type 
of  Imuran  imitations  made  famous  by  Hollywood,  but  machines  capable  of  precise  measure- 
ments and  movements.    The  human  system  performs  Its  functions  because  of  unsurpassed 
hand-eye  coordination.    Nonetheless,  the  human  system  Is  probably  a  very  poor 
model  on  which  to  base  the  design  of  a  machine  which  will  perform  pred se,  mechanical 
operations  under  load.    This  fact  has  not  been  widely  recognized  and,  to  a  great 
extent,  slows  the  scientific  communl ty 1  s  response  to  this  vaUd  need.    No  human 
hand  is  capable  of  precision  measurement  or  Is  capable  of  precision  machining 
operations  under  load.    Therefore,  the  human  model  for  robotic  manipulators  is 
adequate  for  the  simple  repetitive  tasks  now  being  pursuediln  Industry  such  as  ^ 
pick  ahdg|^f,  spot  welding,  spray  painting,  surveillance,  and  unloaded  assembly, 
A  preclsWIWys tern -capable  of  high  Joads  In  real-time  operation  could  perform 
precision  machining  without  Jigs,  precision  inspectjoii-1iiur1nq  operation,  multi- 
level operations  Aider  CAD/CAM  control,  and  force  fftassembly. 

Most  manipulator  arms  are  accurate  to  about  O.OOZb  Inch,  Which  Is  Insufficient 
for  many  precision  operations  such  as  assembly  operations  and  spatial  motion 
functions  such  as  lafcer  cutting  and  weeding  operations.    Precision  requirements 
will  Intensify  as  robotic  systems  becoop  smaller  and  applied  to  such  functions  as 
microsurgery.    Generally,  de forma tlonJrundGr  small  applied  loads  In  existing 
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commercial  systems,  Militant  I  My  exceed  tin;  staU  (or  repetl^Lvo)  precision 
level  they  can  achieve,    in  addition,  thi?  operating  environment- -temperature, 
loadl.  shocks  and  vibrations  -cannot  always  be  consjdered  invariant.  Hence, 
future  rohotlc  sys'tems  must  be  much  yiore  adaptable  to  "control  -  in- thu-sma  1 1 
and  real  -  time  motJ^lTng  to  meet  this  second  higher  level  of  precision  to  be 
developed  In  <(hu  next  generation  of  robO*ts. 

Effective  development  of  robotics  technology  demands  Integration  of 
dis<  tpl  nies  <ha t  are  frequently  considered  serrate.    I  he  primary  marriage  Is 
of  mechanical  and  ulectrlcal  engineering,  although  many  other  tef hnologies  are  ■■ 
Involved  as  well.    There  appears  to  be  insufficient  effort  toward  combining 
t«tman  with  machines  to  enable  the  uniform  pone  t  rat  ion  of  this  eaierglng  technology 
Into  V*?  workplace.     The  best  opportunity  In  the  Immediate  future  Is  to  balance 
human  anil  machine  capabilities  for  many  /pp I  itdt ions .    As  the  Machine  technology 
improves,  less  will  lie  asked  of  the^mnwin  and  more  of  the  machine.    This  man-  , 
machine  approach  allows  the  most  rapid  penetration  of  the  manufacturing  market 
with  the  near- term  technology,  allows  a  gradual  And  natural  transference  to 
more  machine-or lented  systems,  and  allows  a  minimum  disruption  of  the  manufactur- 
ing workforce.  » 

fhe  time  of  the  intelligent  robot  Is  upon  us.    Virtually  ovtfry  Industrialized 
society  has  significant  research  and  development  In  robotics  activity  as  well  as 
a  first  generation  of  applications.    As  \ he  number  of  applications  increase,  the 
demands  on  the  technology  will  result  in  carefully  Integrated  systems  Increasingly 
made  up  of  modules  and  scaled  more  effectively  to  the  task.    Miniature  robots 
will  be  essential  for  micro- sur^ry  and  the  assembly  and  repair  of  micro-circuits. 
Not  longer  will  "addon"  technology  suffice  -the  present  disciplines  of  median  lea  I 
and  electrical  engineering  will  tend  to  merge  Into  what  the  *Mpanese  call  "media- 
Ironies."    Society,  In  general,  will  accept  the  Image  of  manufacturing  as  a 
high  technology  field  and  reap  the  benefits  of  less-expensive,  yet  higher  quality 
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u.    Ruuurics;  an  Economic  issul  * 

i 

(Adapted  from  Texas  Jl&M  experiment  Stat Idn  brochure*  Windows,  October,  198?) 

Industrial  robots  ire  now  a  reality,  dnd  they'are  having  an  Impact  In  the 
field  of  automation.    Hut  what  Is  their  potential  economic  benefit?  <\Oiat  are 
some  of  their  future  applications/    WJjat  are  some  of  the  limitations  of,  the 
existing  technology,  and  Is  our  present  RAO  effort  sufficient  aqd  on  target?, 
fhese  questions  are  addressed  In  thlsJbrief  listing  of  Issues  facing  those 
Involved  In  the  development  of  robots.  4 

Over  the  past  several  years,  I  have  analyzed  the  conditlo/rV  affecting 
manufacturing  In  the  United  States,  documented  our  relative  competitiveness-- 
not  only  Internationally,  but  especially  In  our  home  markets  —  and  pointed  to 
some  basic  factors  associated  with  our  weakening  tra^  capacity. 

Manufactured  goods  represent  60  percent  of  total  U.S.  trade  activity,  and 
roec>Hikdls  (autombol Ins,  office  machines,  cameras,  etc.)  represent  HO  percent 
of  that  total.    Yet  onty  h  percent  of  the  nation's  research  and  development 
money  Is  spent  to\.upport,t(|1s  important  portion  of  U.S.  trade.'  furthermore, 
only  ()./  percent  of  our  federal*  RAD  in  manufacturing  goes  to  enhance  technology  * 
associated  with  mechanical  manufacturing.    That  has  led  to  a  weakoning  of  our 
trade  capacity  in  manufactures  (I.e.,  value  added  goods). 

nhe  imbalanoddktween  the  amount  of  mechanicals  sold  by  this  country  and 
the  amount  of  Ktf^pffnoy. Invested  In  the  manufacturing  process  is  at  the  core  of 
our  trade  weakness  In  that  field.    This  is  most  vividly  demonstrated  by  the  fact 
that  the  f'0  worst  deficit    generators  In  the  mechanical  trades  category  created  a 
\M  billion  trade  loss  In  jyoo,  equivalent  to  this  country's  loss  in  oil  /or  that 
year. 

^Historically,  American  products  were  considered  to  be  of  good  quality.  / 
iJqrjng  the  lg'jO's,  U.S.  machine  tools  were  considered  the  best  In  the  world.  * 
Now,  not  only  is  Japanese  equl pment  competitive  In  quality,  but  also  iu  price-- 
evidenced  by  the  fact  that  they  now  produce  45  percent  of  the  world's  robots. 
Robotics -the  concept  of  the  intelligent  machine- -Is  an  emerging  technology  which 
cm  be  used  as  a  catalyst  to  offset  our  pr.esent  lack  of  competitiveness  In  civil 
sector  manufacturing.    F  financed  manufacturing  productivity  and  reduced  ha/ards 
to  operational  personnel  performing  dangerous  tasks  are  two  primary  pressures  • 
which  govern  present  and  future  applications  for  robotics. 

It's  important  to  realize  th,U  25,000,000  people  are  now  employed  in, 
manufacturing  in  U.S.  Industries,  of  which  more  than  10,000,000  are  performing 

.manual  functions  on  a  semj-repet ive  basis.    Togay,  It  is  estimated  that  9,000 
robots  a v^ope rating  in  the  U.S.    This  represents  a  penetration  of  not  more  than 
1  in  lu(K).    wiber  countries  are  outstepping  the  United  Status.    For  Instance, 

*fiu  reaslngly  uVfanese  plant  development  is  moving  towards  the  monies*  factory  or 
the  factory  without'!  tyhts.    Similar  advanced  factory^  development  Is  taking  place 
in  northern  Europe. 

At  the  same  time,  the  United  States1  annual  robot^research  and  development 
budget,  some>$IG.&  million  In  1980'  Is  smaller  and  much  loss  cohesive  thorl  that 
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of  Japan  dnd  france.  Advanced  factory  development  similar  to  that  of  Japan 
is  taking  place  in  northern  turope.  The  technology  of  intelligent,  flexible 
machines  as  represented  by  robots  Js  perhaps  the  central  technology  involved 
In  these,  efforts.  IJt's  apparent  ttiat  expanding  our  activity  in  the  field  of 
flexible.  Manufacturing  Systems  (f  MS)  will  require  a  major  cohesive  effort  by 
oMI  parties  in  the  entire  U.S.'  technological  communl ty,  ^ 

Ocean  floor  activity  Illustrates  the  usefullness  uf  robots  tq  perform 
ha/ardaus  tasks.  With  K  percent  of  the  world's  crude  oil  coming  from  offshore 
sources,  the  ocean  floor  has  great  economic  potential  if  a  means  of  'tapping 
that  potential  can  he  found.    Costs  for  offshore  drilling  efforts  are  high 
The  Mobile  Oil  Condrep  drilling  platform  cost  $1.3  billion  to  handle  W  wells 
some  as  deep  as  9,J0(T  feet,  and  operates  in  bOO  feet  of  water.    Future  systems 
pUnned  by  txxon  will  be  submerged  and  operated  at  a  'depth  of  b,000  feet  * 
Remote  I  y  Controlled  Vehicles  (HCV)  become  economical  at  these  depths.  For' 
example,  at  l,00fi  feet,  a  diver  may  work  for  10  minutes  at  a  total  cost  of 
$100,000,  while  a  remotely  controlled  craft  costs  $3.b00  per'day.  Today's 
HIV  s  are  nHatlv^ly  simple,  but  they  can  tnspt/ct  Structures,  pipelines  and 
cables;  place  and  recover  instruments;  set  explosives;  clear  fouled  lines;  and 
survey  under  ice..  ' 

Examination  of  .robotic  technology  shoves  certain  important  facts.  The 
Industrial  robot  arm  may  cost  up  to  $100,000,    In  contrast,  the  specially 
designed  spa(,e  shuttle  manipulator  development. and  deployment  cost  was  $100 
expensive         <?V^?Mt  that  umm*]  technology  in  this  field  is  extraordinarily 

Effective  development  of  this  technology  demands  integration  of  disciplines 
that  are  frequently  considered  separate.    The  primary  marriage  is  of  mechanical  and 
electrical  engineering,  although  moh.y  other  technologies  are  also  Involved 
There  appears  to  be  insufficient  effort  towards  combining  man  with  machine  to 
^■•Me.the  uniform  penetration  of  this  emerging  technology  into  the  workplace 

^est  near-term  opportunity  is  to  use  alja^nce  of  human  and  machine  capabilities 
tn  many  appl kat tofts.    As  the  machine*  technology  improves,  less  will  be  asked  of 
the  human,  and  njnre  of  the  machine.    This  man-machine  appr6ach  allows  the  most 
rapid  itfnetration  nf  tbe  manufacturing  market  with  the  near- term  technology,  allows 
a  gradual  and  natural  transference  to  more  machine-oriented  Systems,  and  allows  a 
minimum  disruption  of  the  manufacturing  workforce. 

I  conclude -that:  robots  are  an  Important  part  of  the  future  for  manufacturing 
and  that  future  robots  will  perform  functions  beyond  today's  concepts  of  the  machine; 
robots  will  augment  human  capabilities  (not  only  displace  the  operator  and  thus 
de-sklll  our  workforce);  robots  cannot  be  oversold  to  the  voung  student  or  researcher 
huf  present  robot  technology  can  he  oversold  to  decision-makers  In  Industry;  and 
that  our  present    RAO  level  in  the  field  is  not  only  insuf/k lent. ,  off  target  and 
incoheslve,  but  that  other  nations  are  accelerating  their  development  to  our  future 
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III.     THE  NKXT  GENERATION  ROBOT  TKCHNOUWY  (SMtAKY) 

•         APPLICATION J  APPROPRTATF  TO  AN  ADVAXCFD  ROBOT  ICS  TECHNOLOGY 

Tliu  section  of  the  document  is  intended  to  lilt  a  representative  collection  of  the  mott  deman- 
ding and  rewarding  unmet  application j  of  Jobotics,  In  each  case,  the  application  is  described  in  term* 
of  it)  economic  merits,  its  technical  feaaibflity,  and  its  benefits  t<>  the  user.  Also,  in  each  case,  soma 
indication  is  given  as  to  the  necessary  Jichnologkal  developments  required  to  satisfy  the  associated 
application.  On4  of  the  more  immediaib  technological  gaps  is  associated  wuh  the  "open  loop"  opera- 
tion for  all  existing  robotic  manipulators.  Because  of  this  inadequate  sensing  and  real  time  compensa- 
tor) based  on  an  inclusive  dynamic  tyodci,  it  U  impossible  to  maintain  spatial  coordinate  accuracy 
with  or  without  external  disturbances  and  loads).  Hence  many  precision  operations  at  small  and  large 
\  scalei  (micro-surgery,  precision  light  jnachining,  laser  welding,  ere.)  remain  unsatisfied.  It  also  mearu 
that  off-line  programming  is  normally  Yiot  possible,  such  that  on-line  teaching  (while  no  productio  ♦ 
occuts)  is  necessary*  This  means  that  the  data  base  cannot  directly" control  the  robotic  ^tem  nor 
support  real  time  inspection.  Hence,  special  precision  assembly,  clean  room  operations,  micro* 
assembly  and  inspection  are  less  likely  candidates  (or  robotics.  In  batch  mode  manufacturing,  this 
deficiency  means  the  continued  high  expense  and  u$a  of  numerous  machining  jigs— a  barrier  to  the 

factory  of  the  future^ -L 
I  i^.*  'a  *        •  t  * 

In  other  appWationa,  the  dexte/ity  and  obstacle  avoidance  of  existing' systems  is  inadequate. 

Many  of  these  systems  must  work  in  an  obstacle  strewn  unstructured  environment.  Here,  special, 
sensing  and  an  advanced  machine  intelligence  must  enhance  the  information  sent  to  the  human  opera- 
tor at  the  man-machine  interface  to  augment  his  judgement  and  decision  making  capacity.  Time, 
frequently,  is  of  the  essence  so  that  exceeding  human  operating  speeds  U  highly  desirable.  Strategy 
and  planning  to  deploy  friendly  forces  and  strategy  identification  of  unfriendly  forces,  someatmea 
using  incomplete  data  bases  or  fuzxy  data,  for  military  operations  has  yet  to  be  treated  as  mor^tia\n  a 
concept.  ^  *a 

INDUSTRIAL  AUTOMATION  ' 


1.  Micro-processing  is  the  spectrum  of  application  of  robotics  to  very  small  scale  industrial 
operations  such  as  wire  soldering  of  leads  to  micro-chips,  visual  inspection  and  repair  of  very 
small  assemblies,  etc. 

2.  C*mplex  assemblies  Involves  sequrn^ial  piece  assembly  within  an  obstacle  strewn  environ- 
ment where*  perhaps  more  than  one  robot  would.be  necessary  (f,e„  mounting  of  a  shock 
absorber  on  a  car).  **^\*s  *  * 

3.  Precision  light  machining  refers  to  Lightly  loaded  machining  tasks  in  thin  stock  such  as 
routing,  trimming,  and  deburrtng  while  maintaining  high  tolerance  without  supporting  jigs. 

4.  Welding  in  ship  structures  tequlres  the  placement  of  imprecisely  cut  thick  stock  in  an  egg- 
crate  array  and  autonomously  welding  the  parts  in  place, 

5.  Riveting  and  derivctiny  of  airframes  is  the  semi-autonuric  procedure  of  rivet  location,  rivet  - 
removal,  hole  inspection  and  refurbishing,  and  rivet  replacement  on  airframes' with  minimum 
human  involvement.  *  * 

ENERGY  SYSTEMS  OPERATIONS 

6.  Nuclear  fusion  frag  tort  could  be  mamraifted  bv  ronoric  tvuems  (especially  the'  PWR,  ire  am 
generator)  with  minimal  occupational  radiation  exposure  and  an  economic  benefit  to  die 
nation  by  1990  of  $1 .8  bilUon/year. 

7-  Ntidejr  fusion  reactors  will  require  a  murh  busier  !evei  md  more  frequent  remote  mainten- 
ance rhan  fission  reactors  if  their  availability  is  to  be  7  ;r>, 
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H    Q*}  esnlotaiiori  and  production  on  the  ocean  floor  involves  maintenance  and  inspection  of  the 
complex  ocean  lloor  technologies  (valves,  pipes,  pumps,  etc.)  In  an  unstructured  envtronment.- 

9.   Coal  production  is  responsible  for  200  deathj/yeat  and  considerable  cost  to  the  nation  due  to 
v>      black  lung  disease,  a  diienuna  that  could  be  reduced  Ay  developing  a  "inanleu"  coal  mine. 

10.  Nuclear  fuel  handling  and  reprocessing  has  been  a  long  bine  user  of  ropotici  and  is  now  experi  - 
encing m  new  level  of  technological  development  at  the  Oak  Ridge>  National  Laboratdry, 

'MILITARY  OPERATIONS  .  *  ,  .. 

1 1.  Remote  ocean  operation!  concerns  the  remote  surveillance,  personrrej  retrieval,  repair  and 
tactical  o  fie  rations  in  an  unstructured  ocean  environment, 

12.  Rattle  field  operations  represents  a  complex  array  of  operarions  such  as  tSUrveillance,  auton- 
omous tanks,  mine  removal  etc.  to  remove  personnel  from  the  war  tone^ 

IS.'  Maintenance  and  eniergencfVepair  technology  is  intended  to  remove  technically  trained 
personnel  from  the  war  Xone^  well  as  make  emergency  repairs  more  cost  effectively  and 
0    reliably.  *  \ 

I4-  Fuel  and  ammunition  lumjA^Twill  reduce  logistics  problems,  inAeaa*  reliability,  and  reduce 
personnel  exposure  u\tj*  war  zone  associated  with  rhe  movement  and  palletizing  of  materieL 

,5  Pk'AQ'Hft.  APi!  »tr.uegy  operations  will  augment  the  field  commander's  decision  capacity  as  the 
complexity  of  held  operations  increase  and  provide  him  with  an  assessment  of  the  strategy  of 
unfriendly  forces.  .  •  ■] 

HUMAN  At  JO  M  H  Nf  AT  ION  AND  Ar,RICUl.TUBJ5 

Micro  surgery  is  intended  to  augment  the  precision  of  rhe  surgeon's  motor  capacity  by  a  factot 
of  10  and  increase  his  productive  life  for  operations  of  the  brain,  ear.  eye,  -nose  and  thtoat 
t       including  exploratory  diagnostics. 

17  prosthetics  and  orthotics  sugftesrs  that  many. partially  incapacitated  human  joints  and  limbs 
could  be  either  supported  passively  or  actively  to  provide  improved  structural  function  or  they 
could  be  replaced  by  advanced  intelligent  proithencs. 

Agricsilt  ura,l  ojierat  ions'  associated  with  non^ereal  production  are  labor  intensive  and  frequent- 
ly under  weather  threat.  Robotic  handling  and  harvesting  equipment  could  not  only  reduce 
costs  but  also  reduce  production  uncertainties. 

Accident  mission^  surest  using  robotic  systems  m  surveillance,  people  retrieval,  and  active 
threat  reduction  associated  with  fires,  earthquakes,  rerromrs.  and  bomb  removal  and  disabling. 
Jriinm^Jndjjervice^ijdmn  are  intended  to  augment  Humans  in  education  at  all  levels  (mirk 
operation  to  micro  surgery)  with  future  systems  developed  for  cleaning  and  maintenance 
in  both  public  .md  domestic  applications. 
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MATRIX  WFjCOMPONENTTKCIINOLOOIKS  FOR  ROftOHt  SYSTEMS 

It  ,«teS,„,„.,  „f  no.nr.om  .echnolo,pe,  is  one  of  .he  fu„<Umenul  of  .ofc.ic,  (or  mo.« 

generally,  m.ell^n,  m«h,n«).  Often  .igmficn.  ptoses,  >y...m  development  w.U  K».for 

b.eA.hrougl.  !n  -  cmpnnen.  ..chnolcgy.  Hence,  etcep.ft.  exeepjlonjly  l^Ke  research  cd.U  e, 
,„„„  rffiiri.  wlpunue  »  few  comp.,n«..<  ..ilmoU.*..  »«d  look  .o  .he  m»..ufac.»r«,  to  do 

,he  ,yVm  alcpMo.  >hd  development.  The  following  14  component  wchnologiei  ue  fwjyp  cover 
the  broad  spectrum  represented  by  robotics.  ; 

1.  The  structural  geometry  of  the  robot,  Us  design  and  operation  for  determination  of  its  work- 
space, reach,  dexterity,  obstacle  avoidance,  etc. 

2.  Structural  dynamics,  of  r^ot  systems  for  modeling  of  tobat  dynan-C  rnd  vibration  pheno- 
mena tor  purposes  of  dest^and  unproved  operation. 

'  3-   Prune  movers  arcth*  muscles  of  the  manipulator  whose  precision  of  operation  is  dependent  0,1 
their  response  and  resolution, 
/  4.    famm  modules  involves  th«  structural  integration  of  prime  movers  into  jnodulcs  of  1,  2  or  3 
degrees  of  freedom  which  can  be  assembled  into  robotic  systems. 
•  5:   End  effectors  are  the  interface  hardware  and  software  to  perform  die  handling,  inspection, 
machining,  ct*  task  of  the' robot;  they  may  include  special  touch  and  fotce  sensors. , 
(frapluo/CAP  of  robot  phenomena  to  enhance  interactive  design  and  optimization  of  robotic 
systems  .md  their  integration  in  complex  manufacturing  environments. 

7.  Senv.r  technology  "  essential  to  the  existence  of  an  intelligent  machine  so  that  it  isawaxe  of 
its  own  existence  and  process  parameters  associated  with  its  operation  (manufacturing,  main, 
tenante,  etc  .).. 

8.  yhicin  is  the  specialized  sensor  capable  by  computer  enhancement  of  rapidly  digitizing  the 
physical  environment  of  the  robot  allowing  for  comprehensive  planning  and  strategic  opeta- 

lion. 

9.  Arn final  intelligence  structures  the  decision  making  process  for  multi-layered  phenomena  In 
the  robot  system.  - 

10.  Intclliyetit  control  involves  the  Uyeted  implementation  of  various  conttol  strategies  on  global 
and  local  objectives. 

11.  Software  mnciuWimplir  s  the  compact  and  hardened  packaging  of  frequently  used  algorithms 
and  their  speciSJiied  chip  assemblies 

12.  Qoinpiiter  Jtchitectuny  invokes  the  assemblage  or  serial  and  parallel  processors  capable  ot 
tteating  multi-faceted  computational  tasks  within  Oie  concept  of  real  it  me  operation  of  the 
system.  » 

IV   (iortMriiitiKation  interfaces  involves  the  strucrur.il   i'.unhiiiion  ot  operational  decisions  and 
r  data  reduction    and  transfer  of  the  sensor  signals  among  the  various  components  and  layers  ot' 
t  the  total  system.  ✓ 

14    Majymadiine  mtctface  allows  direct  Uman  cuumonicatinn  with  the  intelligent  robot  to 
facilitate   human   augmentation  ui  unstructur^u   :asK  applications    microsurgery .  nuclear 
reactor  mam^nance,  etc.).  t' 
4  '  •  t 
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Of  course,  all  of  these  component  technologic s  are  of  primary  importance  to  the  implementation 
of  roborits  to  this  spectrum  of  applications,  Nonetheless,  a  gTeat  deal  can  be  learned  by  tanking  the 
technologies  with  respect  to  "their  near  term  and^Iongaerm  rjlarive  significance.  The  long  terrh  Impor- 
tance of  a  component  technology  should  act  as  a  guide  to  the  relative  emphasis  in  basic  research 
among  tne  various  technologies.  By  comparison,  the  near  tetm  value  of  a  component  technology 
should  provide  an  indication  of^the  relative  development  effort  now  likely  t^  result  in  the  best  short 
term  "payoff  in  actual  application.  The  results  of  an  attempt  to  quantify  these  two  levels  of  signific- 
ance are  given  in  the  following  partial. tabulation.  ^ 


J 

Normalized  Long  Term 
>*gt>mponcnc  Importance 

Man  Machine  1 0.0 
Interface 


Normalized  Near  Term 
Component  Value  


Structural 
Geometry 


10.0 


.Vision 


9.0 


Man  Machine 
Interlace 


8.5 


y 


Computer 
Architecture 

Artificial 
Intelligence 


8.0 


7.5 


Sensor  Technology  7  J 
Intelligent  Gmtxol  7 


V) 


Communication  7J 
Interfaces 


Prime  Movers  8.0 


Sensor  Technology      7,4  ( 


7* 


Communication  6.0 
Interfaces 


Computer 
Architecture 


5.3 


Note  that  for  two  application  groups,  .military  operations  and  energy 
systems,  the  two  component  technologies,  actuator  ^modules  and  end 
effectors,  show  high  long  term  significant 

The  flifferrnce  between  the  near  term  and  lonq  rerm  rankings  is  due  to  the  fact  chat  the  tech- 
nologies are  not  uniformly  available  in  the  near  term  where  it  \%  assumed  that  they  will  have  the  same 
%  availability  in  the  long  term.  In  this  case  structural  geometry  ij  thought  to  be  50ft  available,  prime 
movers  and  graphirs/CAD  at  35%,  while  vision  and  artificial  intelligence  are  considered  to  have 
reached  only  10% of  their  real  potential. 
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CRITERIA  FOR  ADVANCED  ROBOTIC§  TpCHNOLdtlY 

The  following  it  a  lucuig  of  H  distincrtriteria  jrhat  may  be  usetl  as  indicators  of  the  level  of  the 
technology  available  in  an  advanced  robotic  system  and  may  be  a  useful  means  to  judge  progress  of 
the  technology  under  development.  «» 

1-  Multi-task  capability  .means  the  number  of different  physical  tasks  thai  can  be  performed  by 
1  1  the  same  robotic  system.  ^ 

2-  Lml  of  machine  InteUUence  implies  the  level  of  integration  of  computer  hardware,^  ftwarc, 
and  artificial  intelligence  ro  make  the  system  as  autonomous  as  possible^ 

Time  efndent  operation  implies  the  speed  at  which  the  robotic  system  performs  its  tajk 
s     relatir*  to  the*  human  performing  the  task  alone.  * 

4-   Unstyuctured  task  level  suggests  the  level  of  numerical  uncertainty  of  ifie  operation  that  is  to 
be  performed  by  the  rotjotic  system. 

5.  Ccnmetrical  deyteriry  is.  an  indicator  of  the  mo  don  range  the  end«<Tector  can  move  through 
whue  performing  physical  tasks. 

6.  Portability  and  mobility  implies  the  level  of  movement  the  total  roborjc  system  has  relative 
to  a  stationary  (fixed  shodder)  manipulator, 

7-  EtKjbittfl  is  an  indication  of  the  absolute  precision  of  placement  of  the  end^tfector  in  world 
coordinates  in  response  to  simple' numerical  commands-  * 

8.  Lgjfl  ^Pacify  clearly  implies  the  abMty*of  a  robot  to  carry  or  cesw  a  given  load  without 
major  deformation. 

9,  ReliabOlry  is  an  indicator  of  the  failure  rate  of  the  total  robotic  systerh. 

10.  Obstacle  avoidance/suggests  the  ability  of  the  robot  to  avoid  obstacles  info  work  environ-  ■ 
ment.  / 

U.  Force  sensing  suggests*  Eh e  measurement  of  forces  in  the  manipulator  *ystem  to  be  evaluated 
by  the  machine  intelligence  to  judge  working  forces  or  to  compensate  fot  manipulator 
deflections.  <  \  1 

12.  §mooUineM  of  operation  implies  the  lack  of  backlash  or  very  large  deformations  in'  the' 
manipulator  system. 

13.  Operational  envelope  gives  an  indication  of  the  working  range  provided  bv  the  robot  without 
moving  us  shoulder.  ^  ^ 

14.  Yisjon  corresponds  to  shape  recognition  either  by  enhanced  analog  feedback  to  the  human 
operator  or  by  digitizing  the  wene  and  providing  numerical  shape  recognition. 


*  4 
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For"all  applications  combined,  the  raosi  important  roboac  characteristic  does  riot  outrank  the 
leavtsoy  more  than  a  factor  of  two.  Jhe  range  is  up  to  a  factor  of  A  among  some  of  the  application 
grbupiijhtt  data  u  partially  taWulatW  below  in  order  to  establish  the  most  significant  properties  of 
robotic  systems  for  each  application  group.  Generally,  as  :he  application  warranrs  or  allows  auton- 
omous operation,  the  characteristics  of  machine  intelligence,  precision,  vision,  sej»tftg;  and  reliability 
become  important.  For  unstructured  task  applicanons-ffi^wnng  a  balance  between  ram  and  machine, 
'characteristics  Such  as  multiple  task  capability,  mooiUry  ano^ortabiHty;  obstacle  avoidance,  reliability 
and  unstructured  tajk  level  have  an  increased  importance. 


Component 


Rank 


All  Groups 
^replications 


•Industrial 
Automation 


Level  of  machine  intelligence  10.0 

Multiple  task  capability  9,0 

Reliability  9.0 

Mobility  and  portability  *     /  8.6 

Precision  7.8 

Time  efficient  operation  7.6 

Precision   .  10,0 

Level  of  machine  intelligence  9.3 

Vision  8.3 

Force  sensing            .  7.5 

Smoothneas  of  operation  7.3 

Ob  stacle '  avo  id  ance  7 . 3 


Energy 
Systems 


Multiple  task  capability  10.0 

Portability  and  mobility  8.5 

Reliability        ^  8.0 

Level  of  machine  intelligence  7.2 

Load  capacity  7.0 

Geometric  dexterity  7.0 

Unstructured  task  level   *  7.0 

Time  efficient  operation  6.5 

Precision            *  6.3 


Military  *\  Level  oMnachine  intelligence       10. 0 

Operations              f                        PortabtlRy  and  mobility  3,9  V 

Rehabuirv  8.7 

Time  <r:Vicient  operation  7.9 

Multiple  rask  capability  7.9  y 

'                                             ^             Obstacle  avoidance  7.7 

Unstructured  task  level  ■  7.7 

Human                                            Portability  and  mobility  ^"  10,0 

Augmentation                 ^               Reliaothrv  .  3.9 

and  Agriculture                                Multiple  ask  capability  8.1 

^                *  *                                   *    Unw  icvjred  task  level  3.0 

*                                            Vision                ■  *  "A 

Obstac.e  avoidance  ~.0 

l.e\cl  ot  machine  intelligence  " .0 


AN 
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FOUR  ^GENERATIONS  OF  ROBOTS 


Generations 


Period 
1960-80 


^  Technology 
Read  Only  Memory  (ROM) 


Function 


Objective 


Playback  of  Po1nt-to-Po1nt     'simple  Repetitive  Parts 


'Motions 


Tranifer 


2*  < 


1975-90       Continuous  Computed 
Control 


Generic  Responsive 
Motion  Planning 


Complex  Light  Assembly*  ¥ 
aiW  Processing  } 


\  "  l$lfer2000    Real  Time  Dynamic  Model 


Closed  Loop  Operation* 
Relative  to  Unit  Process 


Precision  0perat1on$  Under 
Majgr  Disturbances 


1990* 


Component  Modularity 


Rapid  Diffusion  of  No*  Reduced  Cost*  and 'De$1gn-to- 

Technology  Without  **   Market  Cycle  Time. 

Disturbing  Preceding  ' 

System  Structure  .    ,              .  % 


x~ Presented  to  put  the  veHous  technologies  under  discussion  1 
of  robots. 

♦--Seiko  Robot 

♦—Present  Generation 

*+»«Does  not  now  exl^t  1n  any  form  ♦ 

would  dramatically  broaden  robot  market*  *  4  - 


nto  pempe 


pectlvo  as  a  tabulation  of  fobr  generations' 


y 


.0 
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IV.     Strucfcrfal  Questions  To  Enhance  U.S.  Productivity?^  Manufacturing 

✓     '  V 

♦ 

The  following  structural  questions  associated  wiUrthe  condition  of  U.S 
Manufacturing  are  raised  to  clarify  the  role  of  ttte  legislative  initiative's 
contained  in  bills  H.R*.  4047  and  H.R.  4415.    '  ■      .   .  ve5\  ■  # 

•  c  ■ " 

K    Competi tive> Civil  Rector  Manufacturing*        *  , 

a.    backjLroynd:  .  \    ■      ~  n  }  , 

"      HH  nTfiC/%VuyM  mt  wefilth  9^«t1on  is  ]/J  of  the  GNP  of  ' 
.   %    the  U.S.A.  of  wnich  2/3  is  due  to  manufacturing.    Of  this  2/3  60 
percent  or  more  is  mechanical  in  nature,  primarily  in  the  cfvii 
'    sector,    m.  industry  ^invests  less  than  6  percent  of  its  RAD  and  '  " 

^n'^rp^cent"6'  thU  need  '  The  ^der^vernment,  Invests  l^s. 

Jpr  imbalances  continutwtg  weaken  our  civil  sector  and  allow 
Into  our  home  market)  by  qther  strong  civil  sectors,  i  e  , 

h,nTiTJBK,y?  ?"fi1n  the  futurf  Frif1<*-    ™e*e  three  countries -are 
bu  Td  llf^ir  civil  sectors  byAar1ous\o.lic.ies  as  a  top  natlo^l  * 
pripritj^  v 

f  .  "*  * 

■  b*    Cgmnjpn t ;  r  -        *  *  '■  •  \ 

I    ThoVesent  bills  are  directed  to  solve  this  apparent*  imbalahce  of 
tndustnal. policy.    It  is  recormiertded  that  a  careful  comparative 
•  analysis  hp  made  in  the  NBS  center  of  the  relationship  between 
correlated  RAD  inputs  ami  manufac£uring  output's  among  the  major 
competing  nations.         A  ^ 

Z.    Role^  of  Defense  RAD  in  Manufacturing  1  ~ 

a.    Background:  .       •  *  * 

The  U.S.  emphasis  on  defense  materiel  .consumes  a  larger  portion  of 
our  limited  science  and  engineering  m4npo*er.    For  example  86  percent 
?  \  ?%  :     f6^1  RiD  for  ^"Wfacturing  (about  50  percent  of  the 
total  federal  ftAD)  goes  to  two  fields,  electronics  and 'ail-craft  (<nissli*sl  * 
.   Even  though  one  may  argue  for  or  agakist  this  emphasis,  ft  exists  *s  a  . 
reality  in  our  economic  system.*  ■  V 

frequently    It  is  argued  that  spin-off  of  the  defuse  RAO  will  occur  <  \ 

to  the  civil  sector.    It  may,be  asserted  that  spin-off  is  only  possible  • 
U  a  vital  and  agressi*?  technical  manpower  base  exists  in  the. civil  C 
seclbr     Since  only  6  percent  exists  in  our  cfvii  sector!  tKSfrvtfier  / 
softies   which  havtf  strong  civil' sector  manpower  pools  may  be  prWy  1 
-beneficiaries  of  this  spin-off.  ,  7       ¥   X  y 
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b.   Comment: . ' 


The  role  of  Defense  R4D  Is  a  major  push  mechanism. to  develop  technology 
In  the  United  States  but  It  may  wet]  weaken  an  otherwise  strong  civil 
sector  manufacturing  effort  In  the  U.S.A.    Do  other  countries  have 
Inverse  priorities  and  can  a  comparative  analysis  clarify  the  role  of 
Defense  R&D  In  tfce  U.S.?   The  proposed  Bills  can  create  a  program  to 
deal  witty  these  issues  and  document  the  conclusions  for  policy  maker*. 

Relative  Role  of  Investment  In  Physical  Plant  artd  Technological  Manpower 

a.  Background:  '.        ■        [  • 

The  1981  tax  bill  made  th*  growth  of  physclat  pl^nt  capital  more  likely*, 
a  procedure  proven  to  be  effective  In  the  '5Qs.    Th8  administration  has 
not  simultaneously  taken  stdps  to  enhance  our  human  caplfal  approbate 
for  knowledge  based  Industries.    This  reduces  the  resources  available 
to  the  universities  from  all  sources  Including  Industry  and  the  federal 
aovernment.v  Hence,  as  Industrial  needs-  shift  more  and  more  to  technolog- 
ical manpower,  the  federal  government  must  also  shift  Its  policy  1n 
proportion    to  Nils  reality.    .  , 

b.  Comment:  ■ 

The  prfsent  bills  should  ensure^hat  existing  manpower  In  manufacturing 
be  enhanced  and  that  a  new  generation  of  young  scientists  and  engineers 
be  trained  by  a  high  level  of  educational  activity  In  the  proposed  centers 
associated  with  universities. 

Role  of  the  States  In  Manpower  Development. 

a.    Background:  -  ft 

One  vital  part  of  the  solution  1s,totr1ng  Industry  and  academla"  together 
on  a  negotiated  set  of  Objectives  for  mutual  benefit.    Apparently,  the 
U.S.  government  Is  unwllllnq-hence,  the  competition  among  states  may 
prove  a  new  vohlcle  (If  exploited)  to  perform  a  major  portion  of  the 
human  capital  enhancement,    i.e.,  leave  the  physical  plant  enhancement 
ta  the  states.       jv  t 


One  caveat  requires,  howevefT^wt  the  universities  continue  to  Identify 
themselves  prlmarl ly  wl th  jnanpower  generation.    Too  great  a  movement 
towards  autonomous  laboratory  functions  unnecessarily  competes  with 
other  mission  sectors  "supported  by  the  community  such  as  government  labs, 
consulting  firms,  Industrial  labs,  etc. 


The  program,  could  provide  Incentives  to  education  systems  at  the  state 
level  to  make  possible  a  natural  competition  1/t  enhanced  manpower  gener- 
ation for  manufacturing. 


b.  Comment: 


t 


 I    "W 
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b.  tnhanced  Role  of  Industry  In  Manpower  Generation  ♦ 

a.  Uac^round; 

It  may  seem  to  be  appropriate  to  ask  Industry  to  play  a  larger  role 
In  developing  manpower.    However,  during  the  past  two  decades,  Industry 
has  provided  no  more  than  3  percent  of  the  funds  for  university  researc| 
and  manpower  generation.    This  Is  not  expected  to  change  significantly 
slncje  no  new  incentives  have  been  established. 

Note  thdt  by  contrast  to  our  b  percent,  engineering  graduates  relative  to 
all  graduates  In  the  U.S.,  Japan  has  20  percent.  Central  Europe  has  ZO 
percent,  and  the  Eastern *Block  has  40  percent. 

■*  '  > 

b.  Comment: 

These  bills  would  strengthen  NSr  In  the  field  of  manufacturing  technologies 
and  possibly  ensure  that  UOD  augment  Its  role  In  the  universities  to 
generate  an  Increased  nuriber  of  young  scientists  and  engineers 'by  requiring 
mutual  benefit  Industrial  sub-contracts  to  un1v«f si  ties . 

6.  Control  of  Inputs  Versus  Control  of  Outputs  , 
'  .a  .  Background: 

The  issue  f undamental ly  comes  down  to  national  policy.    Should  the  oat  Ion 
control  Its  Inputs  or  Us  outputs?   Japan  controls  their  Inputs  first  / 
(RAD,  manpower,  etc.)  while  Australia  controls  Its  outputs  (tariffs^ 
minerals,  Her).    If  a  nation  attempts  to  control  Its  outputs,  it  deemphaslzes 
ft<;  greatest  asset,  human  capital  for  value  added.    If  Inputs  are  managed, 
ttie  coital  resources  of  the  nation, are  Increased  but  the  associated  planning 
must  be  much  more  long  term  and  commitments  must  be  maintained  over  the  long 
term-    The  contention  Is  that  we  are  Increasingly  less  committed  and  don't 
always  recognize  the  Inputs  that  need  to  be  adjusted. 

b.  Comment: 

The  NUS  center  should  undertake  a  careful  review  ofihe  long  range  effects 
associated  with  inputs  Into  our  manufacturing  system,  *  t 

7.  Lesson  from  Austral  1a 

a.    Background:  • 

Australia  represents  a  developed  country  having  a  scale  1/zyth  that  ■ 
of  the  U.S.    It  has  attempted  to  control  Its  destiny  by  controlling  Its 
output;  (mineral  resources  In  the  world  market  and  tariffs  to  protect  Its 
home  markets).    This  approach  Is  beginning  to  fall.    Fifteen  years  ago, 
Japan  agreed  to  purchase  minerals  and  coal  from  Australia  If  they  were 
allowed  to  enter  Australia's  home  markets  with  manufactured  goods.  Now 
Japan  has  the  portion  of  the  Australian  home  markets  they  need  and  are 
shifting  their  purchases  of  minerals  to  other  Countries  such  a$  Argentina 
and  Venezuela.    This  Is  a  direct  form  of  external  manipulation  due  to 
weakened  Australian  manufacturing  technology  Caused  by  over-protection 
from  high  tariffs.    It  may  be  too  late  for  Australia,  but  the  U.S.  can 
>edrn  a  great  deal  from  this  experience. 
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b.    comment:  '    A  ^ 
I 

Thr  NHS  center  shuuhi  undertake  an  in~riepth  analysis  of  the  Austral Ian 
t;xAJiip ]»»  of  a* unique  structural  system  for  manufacturing  to  derive  lessons 
for  U.S.  policy  makers. 

8.    National  Policy  for  Manufacturing 

a.  Background:        w  K 

j  .  • 
During  the  last  decade  the  U.S.  has  lost  30-SO  percent  of  Us  ta,ke  home 
pa/  per  worker  relative  to  other  developed  societies  such  as  Japan  aTid 
Northern  Europe.    In  fact,  some  suggest  that  the  ta*e  home  pay  of  north- 
ern Europe  1s  20  percent  above  that  of  the  U.S.  (a  numerical  Issue  that 
j  should  foe  very  carefully  verified).    If  our  relative  take  home  pay  ha,* 

deteriorated  so  badly,  why/    Since  our  markets  are  open  to  all  competition 
(some  of  ft  unfair)  our  only  protection  Is  to  run  faster  than  our  competition. 
.  ».„   To  do  so  means  that  we  must  have  a  national  policy. 

b.  Comment; 

These  hills  will  prove  Instrumental  In  focusing  U.S.  national  policy  on 
«       "  technology  and  away  from  tariffs, 

9.    Relative  Role  of  High  Tech  and  Low  Tech  'tm  < 

a.  Background:    ,  » 

Many  say  that  high  teclyibloyy  is  the  answer.    It  Is  If  properly  Inter- 
preted.   If  the  product  is  of  quality.  If  It  rapidly  follows  a  changing 
market,  and  If  It  meets  a  competitive  price;  then  It  Is  high  technology. 
Thfs  can  he  shoes  made  with  robots  or  Tt  can  be  microchips  made  jn  a 
clean  room.  etc.  ftWs  view  eliminates  the  argument  that  we  should  let 
dying  Industries  fete.    Such  statements  mean  that  we  accept  technological 
defeat  which  thel  leads  to  fewer  jobs  and  less  take  home  pay. 

b.  Coninent: 

These  bills  snMjlrf  he  structured  to  avoid  the  "trap"  of  giving  up  on  "low 
tech"  Industries  which  can  be  so  destructive  for  tho  U.S.  economy. 


\ 
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V.     1983  Trade|f)ata  In  Manufactures  Specifically  Related  to  Bills  M.R.  4047 
and  M.R.  4415  ^ 

Over  the  past  two  decades,  the  U.S.  has  experienced  a  significant  impact 
on  its  ability  to  maintain  a  strong  competitive  position  In  Its  irade  In  man- 
ufactures (see  Flg.'l).    The  curve  of  manufactures  trade  balancMhows  a  weak- 
ening condition  already  in  1965-1972.    In  1972-73.  the  oil  embark  made  possible 
the  purchase  of  many  of  our  manufactured  goods  by  excess  petro  dollars  In  the  OPGC 
xjjuntrles.    This  broke  rapidly  In  197b  because  of  a  world-wide  recession  and 
became  marginal  In  1978.    At  that  time,  the  dollar  was  weakened  and  the  U.S.  trade 
rapid  y  Improved.    However.  In  1980.  the  dollar  was  again  strengthened  with  the 
result  that  dur  ability  to/export  was  dramatically  weakened  to  result  In  a  trade 
loss  In  manufactures  of  $J6  billion  in  1983. 

These  large  fluctuations  show  that  the  U.S.  System  Is  heavily  Influenced  by 
activity  In  the  International  market  plac^and  that  U.S.  Industry  must  compete 
In  a  world-wide  market. 

Mgure  2  shows  that  manufactures  represents  60  percent  of  our  total  trade, 
that  there  Is  a  J2B  billion  deficit  in  manufactures  most  of  which  shows  up  as  a 
trade  deficit   of  >33  billion  In  the  mechanicals  (which  represents  80  percent 
of  our  manufactures  trade).    Hence,  the  bills  under  consideration  must  target 
the  mechanlcajs"  as  a  first  priority  In  order  to  best  respond  to  our  trade  weakness. 

The  history  of  trade  In  the  mechanicals  is  shown  In  Figure  3.    This  curve 
shows  weakness  already  In  1905  moving  downward  until  the  OPEC  petro  dollar  shock 
in  1972-73.    The  mechanicals  broke  very  rapidly  In  197b  and  except  for  a  small 
recovery  In  1978-80  due  to  the  weakened  dollar,  has  rapidly  deteriorated  to  a 
trade  loss  of  >33  billion  In  1983.    It  ma v  be  concluded  that  the  curve  shows  a 
continuing  structural  weakness  In  the  mechanicals  and  that  major  new  incentives 
by  the  U.S.  government  for  enhanced  activity  at  all  technical  levels  is  now 
necessary     These  bills  deal  with  the  essence  of  this  problem  but  their  magnitude  * 
system  ^  WMCh  W°Uld  haV*  *  suffk,ent  Influence  On  our  manufacturtng 

The  breakdown  of  the  mechanicals  into  4  categories  shows  that' two  categories 
are  Particularly  weak  (see  Fig.  4).    The  first  is  In  the  field  of  light  machinery. 
Note  that  the  ultimate  light  machine  is  a  robot  (see  Section  VII  of  this  testimony). 
The  loss  in  light  machinery  Is  now  *18  billion  and  It  continues  to  worsen  (see 
Fig.  b).    The  heavy  machinery  field,  although  still  positive,  is'  now  under  severe 
.pressure-especially  In.  the  field  of  machine  tools.    Our  loss  In  vehicles  Is  a 
national  disgrace  at  *2b  billion  for  1983.    In  1984,  we  are  experiencing  a  trade 
losvapRroaching  *14b  billion  showing  that  our  situation  appears  to  be  worsening 
at  an  accelerating  rate.   Itonce.  it  becomes  urgent  to  consider  thes*  bills  nowl 
Not  j  years  from  now  when  perhaps  irreversible  damage  to  our  Industry  and  workforce 
wu.l  have  been  done.    Figure  6  gives  an  overall  view  of  this  accelerating  weakness, 
t  shows  the  loss  of  $b4  blltjon  for  1903  (projected  at  $70  billion  for  1904)  In 
^r?i  trfl,de  Cfltegor1es  vln  the  mechanicals.    It  may  be  concluded  that  the 
blls^should  address  these  20  trade  categories  as  a  first  priority.    To  do  other- 
wise.1*  to  allow  an  extremely  punishing  condition  to  continue  as  a  significant 
threat  to  the  economic  well -being  of  the.  United  States, 
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VI.     Specific  Cormients  on  Bills  H.R.  4047  find  H.R.  4415  , 

A.    H.R.  404/:    Rpbotlcs  and  Automated  Manufacturing  Systems  Research 

and  Education  Act^of  1983,  ,  4 

Overall  tonmejit: 

The  6bject1ves  of  this  bill  show  an  excellent  sense  of  purpose  to  respond 
a  national  need  especially  to  meet  existing  foreTgn  1 ni tlatlves.    The  sense, 
direction  to  mov&  robotics,  as  a  catalyst  to  a'1  broad  base  of  technology~Tn 
"flexible  manufacturing,  forward  Is  properly  targeted  with  sufficient  emphWs 
on  basic  research  and  technical  manpower- to  make  the  program  viable.  WtTaTly, 
the  level,  of  magnitude  \s  certainly  not  too, high  to  create  an  effective  national 
plan. 

One  might  argue  for  Inflationary  Indeplng,  etc.  1n  the  out  years  but  that 
can  always  be  dealt  with.*!  am  pleased  that  the  bill  does  not  necessarily 
Imply  a  sunset  philosophy  for  this  program  since  I  believe  that  development  In 
the  field  will  require  more  than  one  decade.    The  Important  Issue  Is  to  develop 
a  technology  primarily  for  the  civil  sector  which  will  grow  1n  parallel  with 
an  Increasingly  actl ve. defense  sector. 

Surest  Ions:  *' 


Set.  2,  Art.  1  , 

(Add)  .  .  .with  other  major  Industrial  nations  which  Is  partial )%  due  to  y 
aggressive  national  programs  for  manufacturing  In  s-uch  fields  as  robotics. 

Sec.  4,  Art.  1  \  • 

(Add)  .  .  .multifunction  highly  adjustable  mechanical  structure  (such  as  a 
manipulator)  designed.  .  .  •  '* 

Sec.  4,  Art.  J 

(Change)       Mflex1ble  manufacturing  system"  means.  .  .  t  ' 

Sec.  ba.  Art.  1 

Here  the  question  of  how  many  centers  may  need  to  be  dealt  with.    If,  for 

example,  a  total  of  $30  m1H1on/yr.  Is  available  to  ten  centers  at  $3,000,000 

each,  this  may  prove  too  low  fo  establish  centers  which  can  be  effective.  j 

This  1s  a  real  d1 lemma  which  should  be  considered  on  the  long  term.  Also, 

these  centers  should  have  the  development  of  manpower  as  a  high  priority. 

In  this  case,  a  large  percentage  of  the  researchers  should  be  academic 

faculty  who  supervise  research  students  on  a  daily  basis  and  have  a  high 

regard  for  academic  procedures  and  standards. 

Sec.  5a,  Art  3  •  ' 

(Change  second  sentence).    Emphasis  will  be  placed  on  systems  Integration, 
reliability,  and  performance  as  well  as  assessment  Or  the  requTfe<S^chno\oay  ■ 
and  the  benefit  to  accrue  from  implementation  in  new  and  demanding  applications 
for  robotics  (nuclear  reactor  maintenance,  precision  Ugh  machlillncj,  micro- 
processing of  electrical  circuits,  etc.) 
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H.  R.  4047 


V    98th  CONGRESS 

18T  SB88ION. 
\ 

/.     To  advance  the  national  prosperity  and  welfare,  to  foster  the  development  and  use 
'     of  robots  and  automated  manufacturing  systems,  and  for  other  purposes. 


4- 


IN  THE  HOUSE  OF  REPRESENTATIVES 

September  30,  1983 
Mr.  Fuqua  {for  himself,  Mr.  Brown  of  California,  Mr.  Gore,  Mr.  MacKay,  and 
Mr.  Boehi.ert)  introdfced  the  following  bill;  which  was  referred  to  th«- 
Committee  on  Soienco  and  Technology 


A  BILL  V, 

To  advance  the  national  prosperity  and  welfare,  to  foster  the 
development  and 'use  of  robots  and  autojpted  manufactur- 
ing systems,  and  for  other  purposes.  . 

1  Be  it  enacted  by  the  Senate  and  House  of  Representa- 

2  tives  of  the  United  States  of  America  in  Coligress  assetnbkd, 

3  8HOBT  TITLE  , 

4  Section  1.  This  Act  may  be  cited  as  the  "Robotics  and 

5  Automated  Manufacturing  Systems  Research  and  ^Education 
*6  Act  of  1983".  „■  j 

^  PINDIN08 

8        Sec.  2.  The  Congress  finds  and- declares  that — 
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(1)  the  productivity  and  rate  of  innovation s  of 
many  United  States  manufacturing  industries  are  lag- 
ging in  comparison  with  other  major  industrial  nations; . 

(2)  there  is  a  shortage  of  skilled  manpower  and 
trained  technical  and  scientific  personnel  in  manufac- 
turing; 4  , 

:  (3)  the  widespread  implementation  of  robotics  and 
automated  manufacturing  technology  can  improve  pro- 
ductivity, enhance  quality,  and  ipcrease  competitive- 
ness in  a  wide  variety  of  manufacturing  occupations; 

(4)lbecause  robotics  and  automated  manufacturing 
.  systemB  dffect  widely  divergent  segments  of  industry,  a 
program  fostering  these  technologies  should  be  of  broad 
benefit  to  manufacturing  firms; 

(£)  a  national  program  of  research  and  education 
in  robotics  and  automated  manufacturing  systems  is  es- 
sential to  insure  the  timely  and  widespread  implemen- 
tation of  these  techn6logies;  and  . 

(6)  t^  insure  the  success  of  this  program,  the 
active  participation  and  support  of  industry,  universi- 
ties, labor,  and  government,  are  required. 

PURPOSE 

Sec.  3.  It  is  the  purpose  of  this  Act — 

(1)  to  promote  research  relevant  to  robotics  and 
automated  manufacturing  systems  and  provide  for  in- 


217 


»4 


1 


•  ,duftry,'  universfty,  labor,  and  government  cooperation 

2  ijv  that  research;      •    .  -  ♦ . 

3  0  (2)  tor  promote  thp  education  of  scientists,  engi- 

4  !  neers,  and  tecffmician^needed  for  thej  theoretic^  under-, 

5  standing,  dosign,  ^-construction,  installation^  use,  arid 

6  maintenance  of  robots  and  automated  manufacturing 

7  N  '  systems;  and  . 

8  ^  (3)  to  promote  technology  transfer  betwflen  re- 

9  search  laboratories  and  United  States  industry  related 

10  !     to  Robotics  and  automated  n>anufacturing  systems. 

■  *  .       !  v 

M  *  -    '                          DEFINITIONS  «■        '  * 

f    *  "  ' 

U£  y    SKd.*4/A^u8edin  this  Act —  -  ^ 

13  Ul)  tho  term  "robot"  means  a  progranrmble,  multi- 

14  function  manipulator  designed  to  move  material'  parts,  \ 

15  tools,  or  specialized  devices  through  variable  pro-)  \ 

16  gramed  motions  for  'the  performance  of  a  variety  of 

17  tasks;  . 

18  (2)  the  term  "robotics"  means  the  study  of  robcrts 

19  or  the  practice  of  usipg  robots;  and 

20  (3)  the  term  "automated  manufacturing  aysflm" 

21  means  two  or  more*  operating  stations  of%robots.or 

22  fixed  sequence  automatic  machines  interconnected  by  ;a 

23  transport  sysUyp,  where  both,  operating  stations  and 

«  \  ■■         '       -1  .  V 

24  transport  system  are  controlled  by  a  computer  WfcSch 
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1  •     performs  such  functions  as  production  planning,  task 

2  scheduling,  and  control  of  part  and  tool  movement. 

3  .    RESEARCH AND  TECHNOLOGY  TRANSFER 

4  Sec.  5.  (a)  Centers  fob  Industrial  Technol- 

5  ooy.— (1)  There  shall  be  established  Centers  for  Industrial 

6  Technology  (as .described  in  sections  6,  7,  and  8  of  the  Sjjj- 

7  vonson-Wydtar  Technology  Innovation  Act  of  1980  (15 

8  U.S.C.  8705    07))  devoted  to  robotics  and  automated  mahr 

9  ufacturing. 

10  (2)  Each  such  center  shall  investigate  a  discrete  seg-  . 

11  ment  of  robotics  and  automated  manufacturing  systems.. 

12  Areas  of  emphasis  should,  irtoltrde .  manufacturing  process^ 
18  control  system,  sensors,  sensory  data  analysis,  software  de- 

14  velopment,  kinematics,  and  dynamics, "  machinery  design, 

15  toleoperation,  artificial  intelligence,  human  augmentation  and 

16  prosthesis,  and  human  and  economic  factors  associated  with 

17  the  introduction  of  robots  and  automated  manufacturing  sys- 

18  terns  into  society.  Human  and  economic  factors  research 

* 

19  stogies,  as  they  pertain  to  robotics  and  automated  manufacture 

20  big  shall  include  training  and  retraining  of  employees;  dislo- 

21  cation  assistance;  health  and  safety;  regulation;  incentives  for 

22  use  of  robots  and  automated  manufacturing  systems;  ocononv, 
28  ic  factors;  trade;  and  income  distribution.  'y  - 

24  (3)  At  least  one  such  center  shall  conduct  research  On 

25  products  and  processes  that  can  bo  commercially  dovolopod 

•V 
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t  within  five  years  .after  feasibility  demonstration  in.  a  research 

2  center.  Particular  emphasis  shall  be  placed  on  systems  inte- 

8  gration,  reliability,  and  performance, 

4  (4)  Such  centers  shall  promote  domestic  technology 

6  transfer  from  the  centers  to  private  industry  and  the  public 

6  sector  by  publishing  reports,  holding  meetings  And  confer- 

7  ences,  establishing  positions  for  visiting  research  scientists, 

8  consulting,  and  providing  data  bases  for  information*  ex- 

9  ehange. 

10  (5)- Each  such  center  shall  coordinate  its  research  activi- 

11  ties  with  other  centers  to  minimize  duplication  and  shall 
1J7  share  nonproprietary  information*  through  meetings,  ex- 

13  change  of  scientists,  and  networking  of  computer  systems. 

14  (6)  The  directors  of  such  research  centers  shall  meet  at 

15  least  annually  to  exchange  specific  plahs  and  programs  for 

16  the  UDcoming  year  to  coordinate  research  activities. 

17  I)  FEDteRAL  Research  Center.— (1)  There  shall  be 

18  a  Federal  Research  Center  on  Robotics  and  Automq^d  Man- 

19  ufacturtog  fit  the  National  Bureau  of  Standards.  The  Center 

20  shall  focus  its  research  and  development  on  (A)  moas* 

21  urements  and  standards  required  in  robotics  and  automated 

22  manufacturing  systems,  including  interface  standards  for  inte- 
28  grated  robot  systems  and  (B)  systems  integration,  reliability, 
24  and  performance.  - 
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1  (2)  The  Center  shall  coordinate  its  research  aotivities 

2  with  the  centers  described  in  subsection  (a)  and  shall  share 

i 

3  information  through  meetings,  exchange  of  scientists  and  net- 

4  work  computer  systems, 

5  (3)  The  Director  of  the  Center  shall  meet  at  least  annu- 

6  ally  with  the  directors  of  the  research  centers  described  in 

7  subsection  (a)  to  exchange  specific  plans  and  programs  for  the 

8  upcoming  year  to  coordinate  activities, 

9  (c)  Research  Projects.— The  National  Science 
10  Foundation  shall  provide  project  grants  for  bpic  and  applied 
1 1*  research  relevant  to  robotics  and  automated  manufacturing. 

12  Areas  of  emphasis  should  bo  the  same  os  Ihose  dqsorjibpd  in 

*  ■  ■■ 

13  subsection  (a)(2). 

14  (d)  Limited  Reheakch  and  Development  Part- 

15  NERSHiPH.—tfhe  Department  of  Commerce  shall  promote 

10  the  formation  of  limited  research  and  development  partner 

♦  4 

17  ships  which  undertake  Research  and  development  in  the  areas 

18  described  in  subsection  (a)(2). 

19  EDUCATION  AND  TRAINING 

V 

20  «  Sec.  tHThc  National  Science  Foundation  is  authorized 
education  and  training  of  scientists,  engineers, 

needed  for  the  theoretical  understanding, 

23  design,  construction,  installation,  use,  and,  maintenance  of 

24  robots  and  automated  manufacturing  systems.  Such  support 

25  may  include,  but  need  not  be  limited  to,  providing  funds  for: 


21  \\  support  the  educn 

22  anu  technicians  net 
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1  Graduate  fellowships  and  trainceships,  undergraduate  schol- 

2  arshipa,  instructional  equipment,  the  development  of  curricula 
8  for  intramural  or  extramural  uao  at  undergraduate  and  gradu- 

4  ate  levels,  and  postdoctoral  fellowships,  Such  support  shall  be 

5  provided  on  a  matching  basis  with  other  sources  of  support, 

6  whenever  possible, 

7  •  PROORAM  REVIEW  ' 

8  Sec.  7,  (a)  Program  Review  Board,— The  National 

9  Research  Council  shall  establish  a  National  Robotics  and 

10  Automated  Manufacturing  Systems  Program  Review  Board, 

1 1  The  Board  shall  include  porsons  representative  of  business, 
*\t  academiar  labor,  and  government  and  shall  bo  reasonably  balr 

13  anced  in  tenps  of  representatives  from  such  areas,  Each 

14  member  of  thtf  Board  shall  bo'  knowledgeable  about  robotics 

15  and  automated  manufacturing  as  they  pertain  to  the  group 
ltt  represented  by  the  member.  Members  shall  bo  appointed  to 

17  thp  Board  by  the  National  Research  Council  and  shall  serve  y 

18  rotating,  staggered  terms. 

19  (h)  Board.  FuwmoNB.~Tho  Board  shall  review  all 

20  'irtpoeta  of  Federal  involvement  with  robotics  and  automatod 

21  manufacturing  systems,  report  its  findings,  and  make  rocom- 

22  mediations  regarding  such  Federal  involvement.  Aspects  of 
£3  Federal  involvement  considered  by  the  Board  shall  include: 

24  (1)  Activities  under  this  Act,  (2)  tax  law  applicable  to  robots 

25  and  automated  manufacturing  equipment,  (3)  the  National 


222 


219  ' 

8    .  '  32 

1  Robot  and  Automated  Manufacturing  Systems  Leasing  Cor- 

2  poration,  and  (4)  activities  of  the  Department  ^of  Defense  or 
8  *  any  other  Federal  agency  jn  Robotics  or  automated  manufae- 

4  turing  systems.  Reports  may  bo  issued  at  any  time  by  the 

5  Board  and  may  be  addressed  to  any  audience.  At  least  once 

6  *|very  two  years,  however,  the  Board  shalL  prepare  a  neport 

7  evaluating  all  aspects  of  Federal  invblvement  with  particular 

8  attention  to  whether  the  purposes  of  this  Act  specified  in  sec- 

9  tion  3  are  being  achieved,  and  shall  transmit  that  report  to 
K)  Congress.          #  ^ 

11  •    (e)  Koakd  Operations.—  The  Bpard  shall  select  its 

12  own  Chairman^subjcct  to  approyal  by  tjio  National  Research 

13  Council.  The  Board  may  establish  subcommittees  and  adviso- 

14  ry  panels.  The  Board  shall  meet  no  less  than  ihreo  times 

15  annually.  The  Board  shall  conform  to  the  operating  proce- 

16  Mures  of  the  National  Rosearcb^Uounctt;  except  as  otherwise 

17  provided  by  this  Act. 

18  (d)  f}OAHD  Fundino.— Fundmg  for  operation  of  tlfe 

19  Board  shall  be  provided  by  the  National  Science  Foundation. 

20  AUTHORIZATION  OF  APPROPRIATIONS  4 

21  Src.  ^.  (a)  Rkskaroh. — There  is  authorized  to  bo  ap- 

22  proprmted  to  the  National  Science  Foundation  for  the  pur- 

23  poseft  of  section  B  (a)  and  (c)/  $20,000,000  for  the  fiscal  year 

24  .ending  September*  30,  1904,  $4(^000,000  for  the  fiscal  year 

25  ending  September  80,  1985,  and  $50f000l000  for  each  of  the 
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.  1  fiscal  yeaVs'ending  September  30,  1086,  1987,  1988,  1989, 

2  and  1990.  *  .  4 

3  (b)  Federal  Research  Center.— There  i8  author- 

•  r, 

.4  ized  to  be  appropriated  to  the  Secretary  of  Commerce  for  th^  * 

5*  purposes  of  section  5(b),  $10,000,000  for  each  fisqal  yoar 

6  ending  September  30,  1984,  1985,  1986,  1987,  1988,  1989, 

7  and  U)90. .  ♦ 

8  (c)  Limited  Research  and- Development  Part- 

9  nerhhipb. — There  is  authorized  to  be  appropriated' to  they 

10  Secretary  of  Commerce  for  purposes  of  section  5(d), 

1 1  $2,000,000  for  each  Jiscal  year  ending  September  30,  1984,' 

12  1985,  1986,  1987,  1998,  1989,  and  1990. 

13  (d)  Education  and  Training.— There  is  authorized 

14  to  be  appropriated  to  the  National  Science  Foundation  for  the 

15  purposes  of  section  6,  $5,000,000  for  the  fiscal  yeajr  ending 

16  September  30,  1984,  $7,1)00,000  for.  the  fiscal  year' ending 

17  September  30,  1985,  and  $10,000,000  for  eacb  of- the  fiscal 

18  years  ending  September  30,  1986,'  1987,,  1988,  1989,  and 

19  199b.  '  ; 

20  (e)  Program  Ukvikw.—TWo  is  authorized  to  be  ap- 

21  propriated  to  the  National  Jjjrtcnce  Foundation  for  the  pur- 

22  poses  of  section  7,  $250,000  for  each  of  the  fiscal  years 

23  ending  September  30,  19B4,  19ff5,  1986,  1987,  1988,  1989, 

24  and  Nl 990. 
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98th  CONGRESS 
1st  Session 


H.R.  4415 


To  establish  a  program  to  conduct  research  and  development  fb^mprovcd 
/  manufacturing  technologies,  and  for  otbo>  purposes* 


IN  THE  HOUSE  OF  REPRESENTATIVES 

-     .  Novewbr  16,  1983 

Mr.  FvQUA^ntroduced  tht  following  bill;  which  was  referred  to  the  Commiyee  on 
Science  and  Technology  .   ■  1 


A  BILL  * 

J  To  establish  a  program  to  conduct  research  and  development  for  . 

improved  manufacturing  technologies,  and  for  other  purposes. 

1  Be  it  effected  by  the  Senate  and  House  of  Represefita- 

2  tives  of  the  United  States  of  America  in  Congress  assembled, 
8  That  this  Act  may  be  cited  as  the  "Manufacturing  Sciences 

4  and  Technology  Research^  and  Development  Aot  of  1988". 

5  >  FINDINGS 

6  Sec.  2.  The  Congress  finds  that — 

7  (1)  various  sectors  of  private  indusl|y,  the  Federal 

8  Government,  and*  the  United  State*  research^establish- 

9  mont  have  not  devoted  sufficient  attention  to  roseafth 
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on  developing  new  processes  and  methods  to  improve 
the  Nation's  capability  to  manufacture  goods; 

(2)  while  manufacturing  industries  are  essential  to 
the  economic  well-being  of  the  Nation,  many  manufao 
turing  processes  and  methods  are  no  longer  capable  of 
producing  goods  j*s  reliable  find  cost-competitive  as 
those  produced  by  fofreign  industries  which  y  utilize 
modern  manufacturing  methods  and  processes;' 

(3)  domestic  manufacturing  is  increasingly  threat- 
ened by  external  competitiQn  and  the  development  by 
foreign  countries  of  more  efficient  manufacturing  proc- 
esses and  technologies; 

(4)  outdateVmamifacturing  methods  and  processes 
result  in  higher  costs  and  goods  and  services  of  inferior 
quality,  which  place  great,  burdens  on  consumers  of 
such  gop^ls  and  services; 

(5)  outdated  and  inefficient  manufacturing  proc- 
esses hinder  domestic  commerce; 

(6)  transportation  and  delivery  of  manufactured 
goods  m6  vital  component^  of  the  Nation's  interstate 
comrpisree,  and  a  decline  in  consumption  of  domestic 
manufactured  goods  due  to  inefficient  manufacturing 
processes  produces  a  resultant  decline  un  transporta- 
tion; 
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1  (7)  manufacturing  contributes  large  amounts  of 

2  rovenue  to  the  Nation's  gross  domestic  product  and 

3  employs  more  than  one-fifth  ^  of  the  Nation's  work 

4  force; 

5  (8)  domestic  manufacturers  havje  not  sufficiently 

6  utilized  such  recent  technological  changes  in  manufac- 

7  turing  as  programable  automation,  robotics,  advanced 

8  sensors,  and  computer-assisted  design  and  manufacture 

9  -       ing;  und  ^ 

10  Jfi)  a  program  t o^  c  o  n  d  tic  t  Research  whj ch  jwi]], _ 

11  ducc  more  efficient  manufacturing  process  and  mcth-  • 

12  ods  and  to  encpur^e  research  utilization  would 

13  strengthen  commerce  and  be  beneficial  to  the  Nation's 

14  consumers. 

15  /  pukposb 

16  Sec.  3.  It  is  the  purpose  of  this  Act  to  establish  a  pro- 

17  ^ram  for  conducting  research  which  will  produce  more  effi- 

18  cient  manufacturing  technologies  and  for  conducting  research 

19  utilization  activities  to  oncourage  widespread  adoption  of 

20  these  technologies. 

21  DEFINITIONS 

22  Sec.  4.  As  used  in  this  Act,  the  term— 

23  (1)  "Advisory  Committee"  means  the  Manufacture 

24  ing  Sciences  and  Technology  Enhancement  Advisory 

25  Committco  established  under  section  8  of  this  Act; 
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1  ,  (2)  "consortia"  means  a  group  of  organizations 

2  such  as  States,  individual  industries  or  industry  associ- 

3  ations,  nonprofit  research  institutions,  and  universities 

4  and  other  academic  institutions; 

5  (8)  "Center"  means  a  Center  for  Manufacturing 
"  6  Research  and  Technology  Utilization  established  under 

7  section  5(c)  of  this  Act;  > 

8  (4)  "Office"  means  the  Office  of  the  Assistant 

9  Secretary  for  Productivity,  Technology  and  Innovation 

10  within  the  Department  of  Commerce;  and 

11  (5)  "Secretary"  jneans  the  Secretary  of  Com- 

12  merce. 

13  OitANTS  AND  COOPERATIVE  AGREEMENTS 

14  Sec.  5.  (a)  Purposes.— The  Secretary,  through  the 


15  Office,  may  award  grants  and  enter  into  cooperative  agree- 

16  ments  in  accordance  with  the  provisions  of  this  section  to 

17  provide  for  research  on  methods  of  producing  more  efficient 

18  manufacturing  processes  and  methods,  including— 


19  (1)  computer-assisted  .deftign; 

20  (2)  automated  materials  handling,  processing,  and 

21  assembly; 
rs22  (3)  automated  testing; 

23  (4)  machine  adaptive  learning; 

24  (5)  integrated  manufacturing  systems,  including 

25  interface  of  automated  machines  with  automated  and 
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1  nonautomated  machines,  with  production  and  design 

2  personnel,  and  with  other  systems  (including  testing 

3  devices,  design  systems,  and  inventory  control  sys- 

4  terns);  * 

5  (6)  machine  and  process  control  strategies; 

0  (7)  automated  sensing  for  machine  and  process 

7  control  and  product  testing; 

8  (8)  practices  and  activities  to  implement  improved  * 

9  manufacturing  methods;  and 

10  (9)  such  other  research  as  the  Secretary  deter- 

11  mines  to  be  consistent  with  the  purges  of  this  Act. 

12  (b)  Gbants.— (1)  The  Secretary,  through  the  Office, 

13  may  make  gran>to  provide  for  research  to  increase  the 

14  amount  of  fundamental  scientific  and  technological  knowl- 

15  edge  in  fields  relevant  to  manufacturing  methods  and  proc- 

16  esses:  Such  grants  shall  be  made  on  a  competitive  basis  to 

17  applicants  who  comply  with  such  criteria  as  are  specified  in 

18  this  Act  and  as  the  Secretary- shall  establish,  consistent  with 

19  the  purposes  of  this  Act. 

20  (2)  A  recipient  of  Buch  a  grant  may  be  affiliated  with  a 

21  nonprofit  research  institution,  a  private  industry  or  industry 

22  association,  a  university  or  college,  a  Center  established  pur- 

23  suant  to  subsection  (c)  of  this  section,  or  any  other  organiza- 
'  24  tion  winch  the  Secretary  considers  appropriate.  Any  such  re- 

25  cipient  shall  not  bo  required  to  provide  any  part  of  the  costs 
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1  of  such  research,  unless  the  recipient  dejsires  to  expand  the 

2  scope  of  the  research  to  be  conducted.  In  such  case,  the*Sec- 

3  retary  may^enter  into  an  agreement  which  provides  for  cost 

4  sharing  by  the  recipient. 

5  *       (3)  There -are  authorized  to  be  appropriated  for  the  pur- 

6  poses  of  this  subsection  not  to  exceed  $10,000,000  for  the  . 

7  fiscal  year  ending  September'  30,  .1984,  not  to  exceed 

8  $2t),000,000  for  the  firtHtl  year  ending  September  30,  1985, 

9  and  hot  tfl  exceed  $30,000,000  for  each  of  the  fiscal  years 

10  ending  September  30,  19afiui«)tember  30,  1987,  and  Sep- 

11  tember  30,  1988.  Such  funds  shall  remain  available  until 

12  expended* 

13  <    (c)  Coopbkative  AGREEMENTS.— (1)  The  Secretary, 

14  through  the  Office,  may  enter  into  cooperative  agreements 

15  for  the  purpose  of  establishing  and  supporting  .Centers  for 

16  Manufacturing  Research  and  Technology  Utilization.  Such 

17  Centers  shall  conduct  research  of  a  more  applied  nature  than 

18  the  research  conducted  under  subsection  (b)  of  this  section. 

19  Centers  shall  study  methods  of  increasing  the  utilization  by 

«w 

20  the  Nation's  industries  of  thosfc  modern  manufacturing  meth- 

<j  - 

^I'vpils.  which  may  result  in JpweAproduction  costs  and  improved 


'*  24 


22  Aroiuct  quality  and  reliability.  Such  research  may  by/directed 

23  to^ard^problcms  or  processes  and  methods  iigp^opriate  to  a 
specific  industrial  sectdfi'  includinjr^crtts/ace,  microeloc-  i 
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1  tronics,  mechanical  assembly,  basic  materials,  new  materials, 

*■  * 

2  and  transportation, 

3  (2)  The  Secretary  shall  enter  into  any  such  agreements 

4  with  consortia  of  research  organizations  and  manufacturing 

5  industries  or  industry  associations.  Such  agreements  shall  be 

6  mado  with  applicants  who  comply  with  suoh  criteria  as  are' 

7  specified  in  this  Act  and  as  the  Secretary  shall ''establish, 

8  consistent  with  hie  purposes  of  this  Act. 

9  (3)(A)  In  addition  to  funds  recgrfved^under  this  aubsec- 

*  ■*  • 

10  tion,  a  Center  may  receive  fundHrom  Federal  agencies  and 

1 1  from  public  and  privAte  organizations.  Consortia  which  enter 

12  into  such  an  agreement  shall  provide  support  and  participa- 

13  tion  in  a  dollar  wrtount  at  least  equal  to  the  amount  of  the 

14  Federal  contribution  to  be  made  under  this  subsection. 

15  (B)  For  purposes  pf  this  paragraph,  thtf  term  "support 

16  and  participation"  includes  cash  or  equipment  contributions 
\1>  in  an  amount  equal  }o  at  least  ^60  per  centum  of  the  Federal 

%  Govcrnmei/s  share,  industry  personnel  to  conduct  research, 

19  and  aocoss  by  persons  in  the  research  organizations  to 

20  modem  manufacturing  equipment  in  the  participating  indus- 

21  try  for  research  and  other  appropriate  purposes,  Ooitfribu- 

22  tions  from  nonprofit  participants  may  consist  of  in-kind  con- 

23  tributions.  Federal  contributions  mbde  under  this  subsection 

24  may  be  utilized  only  to  support  expenditures  by  nonprofit  re- 
(26  'search  organizations  participating  in  the  relevant  consortia. 
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1  (4)  In  entering  into*  such  agreements,  the  Secretary 

-  ::  > 

2  shall  consider —  . 

•  "a. 

9  -  (A)  the  quality  of  the  research  which  is  to  be 

~4 •  undertaken  as  a  result  qf  the  particular  agreement;  ...  " 

5  (B)  the  extent  of  participation  by  industry  in  the 

f  6  research  to  be  undertaken  <as  a  result  of  the  agreement; 

7  •     (C)  the  size  of.  the  industrial  sector  involve<3kand 

% 

*  i 

8  ^      the  potential  impacts  on  th6  productivity  of  that  indus- 

9  trial  sector  as  a  result  of  successful  research  undertak- 

10  ,    ep  through  the  agreement,  as  well  as  th£  subsequent 

1 1  development  and  utilization  of  the  manufacturing  meth- 

12  ods  and  processes  to  be  studied  as  part  Wf ,  such 

13  \esearchj  and  , 
.14  '  (D).the  extent  to  which  entering  into  the  agree- 
lf>        ment  would  be  likely  to  increase  the  number  of  scien- 

16  ,  tific  and  technical  personneT&jpable  of  utilizing  modern 

17  manufacturing  methods  and  processes. 

if*  \n  addition,  the  Secretary  shall  insure  diversity  among  the 

19  industrial  aectprs  which  are  thp  subject  of  the  researfeh^con- 

20  ducted  under  any  sUch  lyjreomont,  as  well  as  geographic  dia- 

21  persion.of  the  Centers  established  and  supported  under  this 

22  .subsection, 

23  (5)  There  are  authorized  to  be  appropriated  for  the  pur- 

24  '  poses  of  this  subsection  not  to  exceed  $5,000,000  tor  the 
25*  fiscal  year  ending  September  80,  1984,  not  to  exceed 
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1  $15,000,000  for  the  fiscal  year  ending  September  80/1988, 
"!2  and  not  to  exceed  $25*000,000  for  each  of  the  fiscal  years 
8  ending  September  80,  1986,  September  80,  1987,  and  Sep-: 

4  tember  3,0,  1988.  Such  fund*  shall  remain  available  until 

■* 

(J  expended. 

6  ADVAkOBP  MANUFACTURING  MKTfiODS  RESEARCH 

7  UTILIZATION  PROGRAM  .3 

8  Sec.  (Ma)  Activities.— Th<?  Secretary  shall  establish 

9  a  program  of  experimental  activities,  and  shall  evaluatfe  exist-' 

10  ing  activities,  to  identify,  the  most  feasible  means  of  enhanc- 

1 1  ing  the  utilization  of  technologically  advanced  manufacturing 
1§  mothods  by  retraining  workers  who  have  been  displaced  from 
18  declining  industries.  The  Secretary  shall  provide  for  the  de- 

14  velopment,  conduct,  and  evaluation  of  such  experimental  ac-  * 

15  tivities.  The  Secretary  may,  to  Jhe  extent  provided  in  ad- 

16  yance  in  appropriation  Acts,  contract  with  any  appropriate 

17  person  or  organization  (including  States  and  Centers  estab- 

18  lished  urttfer  section  £(c)  of  this  Act)  to  carry  out  such  expert 

19  mental  activities.  ,  * 

20  (b)  Report. — Not  later  than  one  year  after  the,  cqjiclu- 

21  sion  of  the  program  carried  out  under  this  section,  the  Secro- 

22  tary  shall  submit  to  the  Congress  a  i^cyt  on  such  program. 

23  (c)  Authorization.— There  are^  Authorized  to  be  ap* 

24  propriated  for  the  purposes  of  this  section  not  to  oxccod 
20  11,000,000  for  the  fiscal  yoar  ending  September  SO,  1984, 
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1  apd  not  to  exceed  $10,000,000  for  the  fiscal  year  ending 
^  September  30,  1985,  Such  funds  shall  remain  available  until 
8  "expended,  rt 

4  COMPETITIVENESS  8TUDIE8 

5  Sec.  7.  (a)  Study.— The  Secretary  shall  select  specific 

6  domestic  technology-sensitive  industrial  sectors  and  shall 

7  analyze  such  sectors'  long-term  capability  for  remaining  com- 

8  petitive,  especially  with  industries  in  foreign  countries-  In 

9  making  such  selection,  the  Secretary  shall  consider  industrial 
10  soetors  which  are  or  are  likely  to  be  vulnerable  to  foreign 
1  f  competition,  as  well  as  sfictors  which  are  likely  to  experience 

12  rapid  and  significant  growth. 

13  0))  SunjECT8  of  Study,— As  part  of  such  sMy,  the 

14  Secrotary  shall  consider —  ^ 

15  (1)  the  adequacy  of  technologies  utilized  to  pro- 

16  duce  the  goods  and  services  of  such  sectors; 

17  (2)  superior  foreign  technologies  or  unique  re- 

18  sources  #hich  yield  a  competitive  advantage  to  indus- 
11)  ^  trios  in  foreign  countries  over  similar  domestic  indus- 
20  trios; .  ■* 
21*  (3)  the  anticipated  scientific  and  technical  person- 

22  ncl  roquiromenfs  for  such  soetors;  * 

/y;V 

23  '       (4)  the  adequacy  of  FederaMaws  and  regulations, 

24  and  the  enforcement  of  such  laws  and  regulations,  in 
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1  promoting  technological  inriovativeness  and  commercial 

2  competitiveness  by  such  soctoj^;  and 

3  (5)  whether  changes  in  such  laws  and  regulations, 

4  or  the  enforcement  of  such  laws  and  regulations)  are 
6  desirable  to  promote  technological  innovation  and  com- 
6  petition  in  such  sectors  anfl  to  safeguard  the  well-being 


7  of  the  Nation  and  the  public. 

8  (c)  Authorization, — There  (ire  authorized  to  be  ap- 
0  propriatod  for  the  purposes  of  this  section  not  to  exceed 

JO  $1,000,000  for  the  fiscal  ygar  ending  September  30,  1984, 
and  not  to  exceed  $2,000,000  for  each  of  the  fiscal  years 

12  ending  slptember  30,  1985,  September  30,  1986,  September 

13  30,  1987T  and  September  80,  1988.  Such  funds  shall  remain 

14  available  until  expended. 

15  ADVISORY  COMMITTEE 

16  Sro.  8.  (a)  Establishment* —*Tho  Secretary  shall  os- 

17  tablish  a  lVlinufacturing  Sciences  atid  Technology  Enhance- 

18  mcnt  Advisory  Committee  to  advise  the  Secretary  tfoncenaSiyj 

19  the  activities  to  be  conducted  under  ttys  Act.  The  Advisory 

20  Committee  shall  have  representation  from  technology-sensi- 

21  tive  industrial  sectors,  from  labor,  from  the  manufacturing 

22  research  community,  and  from  other  sectors  which  the  Secre- 

23  tary  considers  appropriate.  Such  members  shall  be  appointed 

24  by  the  Secretary  for  a  term  of  two  years,  and  shall  receive  no 

25  >  compensation.  Any  such  member  shall,  in  accordance  with 
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1  section  5703  of  title  5,  United  States  Code,  be  entitled  to 

2  roimbursomont  for  travel  or  transportation  expenses  incurred 
8  in  the  performance  of  responsibilities  as  a  member  of  the 

4  Advisory  Committee. 

5  (b)  Functions.— The  Advisory  Committee  shall— 

6  (1)  review  the  policies  and  selection  criteria  for 

7  .       grants  made  and  cooperative  agreements  entered  into 

8  undor  thjs  Act; 

9  W  review  tho  progress  of  the  Secretary  of  Com- 

10  morce  in  meeting  all  the  requirements  pf  this  Act; 

1 1  (8)  assess  the  effectiveness  of  tho  activities  funded 

12  pursuant  to  this  ^ot;  and  -  *  • 

'  13  *  (4)  submit  to  the  Secretary,  at  least  annually, 

14        evaluations  and  recommendations  regarding  activities 
10        carriod  out  under  this  Act. 

16  (c)  Report.— Tho  Advisory  Committee  shall  submit  to 

17  the  Congress  an  annual  report  on  its  activities  under  this 

18  Act. 

19  Applicability.— Tho  Advisory  Committee  shall  be 

20  subject  to  tho  Fodoral  Advisory  Committee  Act  (5  U.S.O. 

21  App,  1  et  soq.). 
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Sec.  5a,  Art.  5 

i  ■ 
(Add).    This  plan  shall  bt  reviewed  annually  by  the  governing  board 
described  In  SiC.  7  and  their  recommendations  passed  joh  to  either 
the  NRC  or  the  National  Science  Board  (NSB}~ 

Sec.  5b,  Art.  1  . 

(Add).    Research  that  may  be  performed  In  this  center  will  be  primarily 
pursued  to  enhance  Its  ability  to  satisfy  the  above  mission  focus. 

Sec;.  5b,  Art.  3 

(Add).    .  .  .to  coordinate  activities  and  shall  function  under  the  same 
■^external  review  as  established  for  the  other  centers  by  the  review  board 
described  1n  Sec.  7.  ^ 

«■ 

Sec.  7a 

(Question?)    Representation  on  the  Board  shall  be  balanced.    (What  1s 
the  moaning  of  balanced  as  used  here7) 

Sec.  /b  ,  '  ' 

v  (Add).    The  Board  shall  select  Its  .own  chairman.    This  selection  shall 

be  reviewed  by  either  the  (IRC  or  the  National  Science  Board  (NSB) . 

Sec.  8a  and  Ob  . 

(Comment).    The  funding  for  Sec.  8b  for  Education  and  Training  1s  too 
small  1f  the  programs  in  Sec.  8a  are  not  also  directed  to  develop  manpower 
through  their  academic  functions. 

Sec*  8d 

(Comment).    The  $10,000,000  center*  for.  NBS  at  first  glance  appears  to  be 
too  high  relative  to  those  for  the  other  centers  (protablv  $3,000,000 
each).    It  may  be  Justified  as  a  budgetary  replacement  for  the  proaram  m 
already  funded  at  NBS  In  robotics.   Generally,  the  $10  million  would  be 
approximately  15  percent  of  the  total  program.    It  Is  suggested  here  that 
this  program  be  split  In  half  as  $6,000,000  1n  house  work  and  service 
In  technology  transfer  and  $4,000,000  out  to  other  universities  f?r  Joint 
ventures  in  basic  and  applied  research*    In  this  manneryNBS  could-more 
effectively  perform  the  mission  described  In  Sec.  5b,  Art*  lr   Otherwise,,  ' 
It  1s  suggested  tfie >4«\000,000  be  moved  to  the  NSF  program  for  centers. 
*      There  may  also  beNomejpstlf  Icatlon  to  ramp  up  this  magnitude  ($5  mllllonln  84, 
%7  million  1n  85,  and  $10  million  1n  86)  as  Is  being  proposed  In  the  other 
parts  of  the  bill. 

D.    H.R*  441b:    Manufacturing  Sciences  and  TechnoTogy  Research  and  Development 
Aot  of  1983.  ' 

Overall  Comment: 

This  bill  Is, directed  to  partially  solve  an  Increasingly  dangerous  problem 
In  weakness  1n  tbe  United  States  competitiveness  in  manufactures  tratie.  Much 
of  this  Is  due  tp  lack  of  national  purpose  and  structured  response*  Unfortunately, 
relative  to  the  need,  this  blM  Is  wot folly  lacking  In  magnitude.    This  low  level 
of  conm1t|lnt  may  in  fact  suggest  that  It  may  be  better  not  to  begin  any  program 
at  all  unless  1t  1s  Intended  to  have  a  greater  role  of  sufficient  magnitude.  If 
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our  manufactures  trad*  loss  1f  approaching  $110  billion  for  1984,  then  an 
Investeient  of  $0.00  billion  In  this  bill  represents  a  level  of  commitment 
oY  not  more  than  0.05  percent.    In  fact,  a  level  of  effort  of  1  percent  of 
this  trade  loss  (or  $Pb1111on/yr.)  could  easily  be  defended. 

Another  weakness  of  the  bill  Is  that  diverse  groups  would  be  formed 
without  a  truly  cohesive  national  strategy.    The  parts  are  not  designed  to 
form  a  whole  response  (without  significant  voids).    This  become*  essential 
if  the, truly  Immense  breadth  of  manufacturing  Is  to  be  Addressed. >  The 
model  of  the  separate  but  additive  missions  of  the  Air  Force  R&D  labs  Is  a 
good  one  to^ use  Itv  order  to  put  this  program  on  a  soueder  long-term  footing. 

X       Finally,  It  Is  Imperative  that  the  universities  Jlay  a  major  role, 
either  as  primes  or  as  significant  subcontractors  to  nonprofit  labls  or  to 
industry.    This  academic  role  should  be  oriented  to  geWate  the  best 
possibly  quality  of  expertise  In  a  new  generation  of  manufacturing  researchers 
and  engineers.    Where  this  Is  done  on  distributed  negotiated  mutual  benefit 
among  the  parties,  a  successful  program  is  much  more  likely. 


% 

4 


V 


238 


285  


Stctlon  VII 


Maxe  Oanaratiqp  of  Tachnoiogy  for  Robotics 
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TJUU  Or  COHTtNTS 

— '  **** 

Application  Appropriate  to  an  Advoncod  Robotic*  Ttchnology    1 

IaduttrUl  Automation  •  »  •  .  ;  .  .  .  .  ,  1 

1.  Hicro-proctfaing  "  '  .  .  3 

2.  Co**le*  Aat«*U**  .  .  .  .   3 

3.  rreeiaion  U|ht  Machining  .*   %  - 

,  4.   Voiding  in  fhlp  itruoturc*  *   4 

3.  liveting  «*4  Darlvetjji  of  Alrfreaw*                                 *  5 

Inert?  Syoeenw  Operation*   '  /  .  \  .  1 

6*    ftuoleex  riealon  ***otori  ,                                               /  .  .  .  \  3 

7.    Vuolaar  fualoa  Imton  y\  ....  6 

I.    Oil  Exploration  ad  Production  on-,  the  Ocean  front    ./.   6 

9.    Ceal  Production  /f  .......  *  7 

10.    Ku  altar  Fuel  Handling  and  **proce*aifl«   7 

Military  Operation*   7 

IX.-   leant  a  Ocean  Oparotlou*   7 

12.  Bettteiield  Operation*   (J 

13.  Maintenance  end  t*»rfenoT  Eapair   6 

14.  fuel  end  Aawunltloa  Handling  .  i  ■   9 

13.    Flanning  and  Strategy  Operation**.  .  .  .  ,   9 

Susan  Augmentation  and  Agriculture   XQ 

16.    ttUro-fuirgerv                          .  *  .  ♦  10 

X7.    Proa  tactic*  end  Orthotic*   XO 

19.    Agricultural  Op  era  done    .  •  »   IX 

19.  Accident  Kleeioce  *  .  ■   XI 

20.  training  and  Service  Idbota   X2 

Matrix  of  &>e*H>ocnt*felfenologl*a  for  Id  bo  tic  Syecea*   Jj 

1.  atructural  Geometry   ^7 

2.  Structural  Drnamioa    .  •  .  k  [  X7 

-3.    trim*  Hover*  t  x8  ' 

4.  Actuator  Hodult*   X8 

3.  aacVKf  foe  tore    ,  ,  «  }  .  .  , "  "  X9 

6.  Oranhic*/CAD  >   19 

7.  feasor  Technology   2n 

•  .    Vi*io»  .  *  .  *  ■*  * 

9.    Artificial  Intelligence   >   22 

10.  Intelligent  Control                                           .  r  .  .  .  .         '  22  * 

11.  software  Modul   23 

12.  Computer  Architecture   24 

13.  Coeaaunlcatlon  Interfece*   24 

14.  Man-Machine  Interfece                                                             [  \  23 
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XXX.    Cricari*  for  Advancad  Robotic*  TafaKpllogy  *  \  .  26 

1.    KulCl-Taak  Capability   30 

I.    Laval  of  Maohlna  lacallls*oca   30 

3.    Tim*  Efflclant  0p«nci<m   30 

♦  .    GMtrtmturad  Taaka  Uv«I  ,  .   31 

3.    OmmcAuI  Daaceariey    ]  31 " 

•  .    fortability  tod  HoblllCT  <  •  31 

7.  Priaialon  ,  ,  32 

8.  Load  Capacity    32 

9.  Reliability  ^  )  "  j  ^ 

10.    Obacaola  Avoidaafca  .  .  »,   /.  32 

■H.    Foroa  Safielag  .  *•  ^  .  .  !  !         ]      ]  ]  *  )  33 

12,    Saootbaaaa  of  Opaj/atloa    .  !!".*.".*.!."  33 

U.    Operational  Baradopa  4  

H.    Viaiott  ...»  !.'.'.!.'.*!.'  33 
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I.    APPLICATIONS  APPROPRIATE  TO  Ail  ktVAXCZD  ROBOTICS  TKQINOLOCT 

m 

Thia.  faction  of  tha  document  is  In ran did  to  Hat  a.  raprceentatlve  coll  action 
of  the  coac  demanding  and  rewarding  unmet  applications  of  robotic*.       **ch  caaa, 
tie  application  la  daacrlbaUs^n  tacna  of  Ita  economic  «erita#  Ita  technical 
feasibility,  and  ita  .bsneflBJ iwm the  user.    Alao,  la  aach  cut,  aone  indicacioa-  c 
U  given  aa  to  the  acccstary  technological  developments  required  to  aetisfy  the 
sjAoelatod  application.   On  a  of  eha>aora  iaaiadiaca  technological  gapa  la  *uo- 
slatad  vita  thai  "open  loop? .  aperetlou  of  all  existing  robotic  manipulators. 
Because  of  this  inadequate  sanalng  and  r^sl-time  comp  enaction  baa  ad  on  an  in- 
clusive dynast/a  nodal.  It  la  impossible'  to>aaintai>\  apatiel  coordinate  mcaurac?  . 
(vita  ot  without  axtamal  disturbance  and  loads).  t  Bono  a  many  precision  op  •  re- 
do a»  at  snail  and  lnrge  aaalee  (micro- iur^ery/^irecis  ion  4lght  machining,  laaar 
welding,  ate.)  r amain  unsatisfied.    I*  alao  feeni ifchat  off»line  programming  la 
normally  not  poeaible,  audi  that  on-line  taachlng  (vfct^a  no  production  occur  a) 
la  oacaaaary.    tola  mesne  that  the  data  ansa  cannot  directly  control  tha  robotic 
syetam  nor  iupport  rani  time  lnap action.   lance,  apaolal  precision  eaaaably, 
olaan  room  operations,  alaro-eeiambly  and  in ■  paction  era  less  likely  Candida tai 
for  robotics.    Xa  batch  soda  manufacturing,  this  deficiency  me*ns  tha  continued 
high  expensa  anafuaa  of^numcroue  machining  jiga—e  barrier' to  tha  factory  of  tha 
ruturei'  f  ~ 

In  other  appUcmCloaa,  tha  dexterity  and  obstacle  evoldamce  of  existing 
eyatame  la  inadequate.    Many  of  thmea  systems  oust  vbrk  In  an  obatada  atrawn, 
unatruatured  environment.   Rare,  special  ■easing  end  an  advanced  machine  intelli-c_ 
ganae  must  enhance  eha  Information  a  ant  to  tha  human  operator  at  tha  men-machine 
lntarfaca  to  augment  his  judgment  and  decision  making  capacity.    Time,  frequently, 
le  of  the  eaaenee  so  that  exceeding  human  operating  speeds  la  highly  dceitable. 
Strategy  and  planning  to  deploy  friendly  forcsa  and  etrategy  identification  of 
unfriendly  forces  sometimes  using  incomplete  date  baaae  or  fussy  data  for  military 
operations  ham  yet  to  be  tram  ted  aa  more  'than  a  concept. 

CTDOSHXAL '  AOTOMAXlOtf 

1*  h^nro-procefalfli  la  the  spcatrua  of  application  of  "robotlca  to^rr-amsll^acaie 
industrial  operations  such  aa  wire  ■oldaring  0f  leads  to  mieto-chipe,  visual 
Inspection  and  repair  of  vary  stoall  asaambliaa,  etc* 

2-   twt^        MUf  lawlvea  lequentlsl  plica  esaamhly  within  an  obstacle  itrevn 
environment  where  perhepa  mora  than  one  robot  would  ba  naceeaary  (i.e.. 
mounting  of  a  ahook  abaorbar  on  a  car).  & 

3#    Fr*c^<ti<m  U 1^  -itflfM"!  ******  co  lightly  loaded  machining  tasks  in  thin 
stock  iuch  as  routing,  trlaming,  and  daburring  while  maintaining  high 
tolerance  without  aupportiag  Jlge*  ' 

"■Mini  In  ihlp  structural  raquirai  the  pUcement  0f  lmpreclaely  cut  thick 
atocn  In  an  egg~crata  array  end  autonomoualy  welding  the  parts  tiLDlaca. 
Rioting  and  darlvaClng  of  airframe  is  the  lemi-autooatlc  procadOre  of 
rivet  location,  rivat  ranov.l,  hoia  lnapaction  and  rafurbishing,  and  rivet 
replacement  on  airframes  with  ainiauan  human  lnvolvanant* 


A-l 


4. 


242 


289 


ciaoY  nsTCis  operations 

6     Xudaft*  fliilnn  reacton  could  be  maintained  by  robotic  ayataoe  (eepecially 
eh,  .cio  generator)  trith  minimal  occupational  radiation  expoeure  and  an 
economic  benefit  to  the  nation  by  1990  of  $1,6  bUlion/yeer, 


7. 


fcfucllM  faiigfl  £5*S5ga         "quirt  a  ouch  higher  level  and  more  frequent 
renoti  oaffcanaace  then  fieeion  reactors  if  their  eveilebllity  is  to  be  75X. 
Oil  exploration  end  production  on  ttja  oyaen  floor  ixivolvee  aeinCenance  end 
lnepeecloii  oFthe  eoapte*  oceett  floor  technoiogiee  (velvee,  plpee,  pumps,  atcf.) 


inspection 

in  an  unstructured  euvironaent 
*9.   Coal  production  la  reepooelble  for  200  deethe/yeer  end  considerable  «oet  to 

t^netin*  £e to  bleak  luna  dlseess,  e  dUeeu  that  could  be  reduced  by. 

developing  «  "aeuleeeM  aoel  ednt.  / 
10.   Unclear  fasj  gsaflfltfil  £gj  KSproceeejng  hee  been  e  loaf  time  ueer  of  robo^ae 

end  Ie  now  experiencini  e  new  leyel  of  techno loglcel  development  et  the 

Oek  Ridge  national  Laboratory. 

HnXIAJLt  O90UTZONS  f 

XI,    teoote  oaeao  operations  coucarue  the  tamote  aurvaiXLaoce,  per a o on el  Vetr level, 
repair  W  taarinal  opera  clone  in  en  unstruaturad  ocean  environment- 

12.    Battlefield  operations  repreeente  e  con p lax  of  bparetions  euch  ee  surveillance, 
eutooocoue  ta^ke,  nine  removal  etc.  to  rsaove  pareoanel  froa  the  war  eon*. 

U."  Mlllf  1U#111  trl  amV^m^T  technology  ia  Intent} ad  to  remove  technically 

train  id  oereonnal  froa  the  wer  lone  ee  veil  ea  make  emergency  repeiTa  more 
eo et  effectively  end  reliably. 

14.    fuel  end  eaaunitiga  handling.  wilX  reduce  logUtica  problems,  increeee  mliebility. 
fHul  r*4\ir+  p^r*onnal  expo  aura  in  t£e  war  zone  as  a  o  da  ted  with  the  movement  and 
pella  tiling  of  mat a rial. 

U.  rfilWiUtflf  ig**t**T  0P*ratlona  will  eugaaat  the  fi*M  coaaeuder'a  decision 
capacity  ee  the  coep laxity  of  field  operetiona  increeee  end  provide  him  with 
en  aeaaeeaant  of  the  acretegy  of  the  unfriendly  for  cm. 

HUMAN  ATGMER1XI0N  eUD  A0RICULTUU1 

16.  Hicro-suryery  la  Intended  to  eugaent  the  precieion  of  the  eurgeon'e  motor 

.  capacity  by  a  fad tor  of  10  end  Inaraeee  hie  productive  life  for  operetiona 
of  the  brain,  eej?,  eye,  aoee  end  throat  Including  exploratory  diagnOatica. 

17.  Prosthetics  end  orthotice  euggeete  thet  neny  partially  incapacitated  human 
joint  a  and  liabe  could  be  either  eupported  paeelvely  or  ectively  to  provide 
improved  etruetural  function  Or  they  could  be  repleced  by  advanced  intelli- 
gent proethatlca. 

18.  Agricultural  operations  aaeOciated  with  non-cereal  production  ere  lebor 
intensive  end  frequently  under  uaathar  threet.    Robotic  handling  and  harveatlag 
squlpaint  could  not  only  reduce  coete  but  alio  reduce  production  uncertainties. 

19.  Accidtot  axji  lion  a  tuggtat  uaing  robotic  ■yittes  In  surveillance,  people 
retritval,  aad  active  thraet  reduction  associated  vith  fires,  earshquakea . 
carrorlaca,  ind  boeb  removal  and  disabling. 

20.  trainlat  md  ■ervlce  robot*  ate  intended  to  augcant  humane  in  education  at 
all  lavele  (truck  operation  to  micro-iurgary)  with  future  ■yataoe 

developed  for  cleaning  and  aeintenence  in  both  public  and  domeatla  applications. 

v5 
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'  INOUS  TSUI  AUTOMAT 103 
L .  Miaro-pcocaaain 


ba  CutuH 


Oua  of  tba  Cutul*  opportunitiaa  for  iatalligaat  siAchlnaa  and  robotics  la  cha"  - 
pirjoraiao  of  varioua  praciaioa  oparaciooa  ac  vnry  small  ^Itaa .     Eximplaa  Involva 
etpa  oachanical  haadliag  of  vary  mail  alac^rical  coaponanfs,  vira  aoldariag  of  laad* 
CO  nicco-chipa,  visual  lospactioo  of  vary  staall  •■a«tabliaaV  and  nnchaaical  or 
ajrfctricai  (by  Uaar  baaas)  rapairs  of  inparfact  ^onpon+ntV,   Com  rally,  aa  cha 
^aooplaxity  of  co«putara>  avionics,  and  praaialon  instnmanaafeioo  Chcraaaaa 

(lacludiog  nodical  inatrunanta) ,  tha  na«4  for  min*turi»ad  syaeaaa  (afTcro-robotica) 
will  4W0  lucraaaa.    Autonomous  and  talaoparator  typo  *yatama  trill  ba  aacasaaxy 
dapaading  on  whathar  cha  oparatioo  can  ba  highly  atru/turad  or  will  raquiro  tha 
judjaaanc  sad  daeiaioa  asking  oe  a  craioad  tiunan  o^ficor.    Thia  typa  of  technology 
wi'U  <o*ka  diaan  rooa  oparatioo*  incraaaingly  coat  affaativa  and  oora  vidaapraad.  In 
ordar  to  schlav*  taU  lavai  of  taehuology,  &  gsnaric  cl«aa  of  ainiaturiaad  baaring* 
(parhaps  jawaiad),  apaeinliaad  aaoaora  and  ancodara,  and  actuator a  miat  bm 
davaiopad.    Cadarally,  aa  cho  acala  ia  raducad,  tha  ralatlva  tapor  tinea  of  friction 
locraaaaa  such  that  apaciai  antifriction  aaaaura*  will  ba  accessary.    Alao  bacauaa 
tolarancaa  will  ba  ao  aaalt,  programing  tba  ■ystaa  by  vi|u*l  inapacttoo  will  ba  ' 
«aucb  caora  difficult.    Conaaquaotly,  ninintura  robotic*  will  raquirn  a  much  hlghar  lavaJL 
of  aachioa  iocalllganca.  tljfian  thnc  found  in  prasaqt  ganaratioa  robotic  syscaaa. 

I'    Coo?  I  ax  Assnnb lias 

Hoat  assaaMy  procaaaaa  cnnr*n**jr  baing  par  forts  ad  by  robota  ara  aapacially 
daslgnad  to  taka  Into  account  tha  pra»aut  liaitationa  of  tha  robot  systsn.  For 
axavpi*,.  tha  aaaaably  of  an  aUctric  motor  allows  a  aaquantial  stacking  of 
conpouont*  about  a  vartical  a*ia  of  ayamatry.    Tha  ioaartion  of  aiactriai  coraponanta* 
00  a  circuit  board  occur*  only  on  on*-,  plana  within,  virtually  a  parfactly  ractangular 
array,    Hooa  of  thaaa  oparation*  attat  occur  in  an  obatacla  atrawn  anvironmant. 
Furtbarnora,  ooat  of  thaaa  *Wpa  rtfuixa  rMativaly  littl*  forca  during  tha  joining; 
acag*.    Hanca,  thay  can  ba  olaaaad  a*  praclaiou,  ttnloadod-^-uoobwtruccid-aaaanbliar. 

fotura  aa*4«bliaa  aust  OaaC  a  much  broadar  r.dga  of  tasks  including  forca  .fit 
aaaaably,  fa»t*n*r  daforwation,  tha  joining  of  ha*vy  cotaponant*,  Joining  of 
do»ponanta  by  aingla  or  rapaattd  impacts,  ate.    rurtharmora,  M-th*  assambly 
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ggaclslon  Uflk  Machining  « 

3*tch  ooLjaaaufacCurini  uapliaa  nuaaroua  li|hc  aashlnlng  tnki  wharn  high 
pracislon  and  Jpid  changaovJr  froa  om  task  to  eha  naxe  li  nacaaaary.    Two  axampla 
Caskl  *ra  datfu/rlng  and  Criaaing  of  lurtici  paaala  of  atrcrafe.    Baoauaa  of  cha 
Ursa  daforaja»ona  axparlancad  by  roboelc  oanipulaeora  oparacing  undar  Chaaa 
aachiaiag  loaf*,  JU«  or  Uxeur'aa  arc  naad  co  raatae  chaaa  loads.    Of  couraa,  ena*  - 
Jig  awac  ba  sjatahad  lo  ahapa  co  aaoh  pare  co  ba  ftnlahad.    to  batch  manufacturing,  - 
Ucarally  huftdrada  of  parca  (and  eharafora  Jl|a)  *ra  Invotvad  -  hnnca ,  thai  Co«c"  oC 
aaaufaacut*  and  handling  «f  Chaaa  jiga  (a  vary  high.    Ochar  ooaCa  arc  Invnlyad. 
rrogtaaaiftg  tha  cofroe  actli  tjaiiaa  on  •  tap-by- 1 cap  caaohlog  In  tha  work  anvtrortiaaae 
which  la  Ary  xlaa  eoaauaUng  -  a  etna  during  vhlah  M  pioductlotl  la  poaalbla.  Alao, 
cha  Jig  Intarrupta  tha  flow  of  iniormaelcn  from  tha  unU  proeaaa.Co  tha  faoCory 
coapuear  daca  baaa  aaklog  tha  faotory  of  cha  .fuCura  impoaalbla. 

All  of  chaaa  high  coata  icaaa  for  robotic  ayaeam*  could, ba  graady  raduaau"  If 
praalalon  undar  load  could  ba  achlavad.    Tha  ftrat  naad  la  a  complaCa  and  ncourata 
parasatrlo  aodai  af  cha  InauaCriaX  voboc  manipuiaeor  (raraly  aoclaCa  and  oartainly 
la  navar  aaad  In  raal  claa  opajraCloa  of  Co day 'a  robot  a) .    Naxt  it  la  rami  ir  ad  Co 
ataka  raal  claia  (l/30  aaa.  aampiiag  rata)  coapaCar  control  *f  tha  robot  in  eorma  of 
thla  dynamic  oodaL  a  r  a  alley.    Alao,  ofMlt}avprogr«aaiog  nuaC  ba  davalopnd  Co,,  taaka 
cha  robot  tbaolucaly  aaouraca  In  world  coordlnaCaa.    finally,  Cha  ayaca*  teiaC  ba 
abla  to  ailmlnaCa  foroa  Indaoad  dafXaotlona  from  tha  machining  procaia*  by 
coopanaatlng  eoaamanda  Co  tha  aaCuaCora-.    All  of  chaaa  Ctchaical  objaeeiv**  will 
raajfita  Cha  baac  machlna  iQCalligaaea  baaad  on  cha  noac  advanced  analytical  Coola 
froai  eha  mechanical' and  alaccrical  diaclplinaa.    thla  "cloaad  loop11  concapt  la  an 
aaaantial  aoaponant  af  tha  aaxC  ganaraelon  of  roboc  -  I. a.,  cha  fly  by  wire  robot, 
which  say  Chan  ba  cottaldarad  "alaccronlcallr  rigid." 

4.    Haldlng  In  Ship  ScruqQuraa 

Raiding  la  ona  of  Cha  noaC  tnporCanC  Joining  proeaaaaa  uaad  la  cha  Urtltad 
Stacaa  whara  alaoac  1,000,000  workara  claim  to  ba  waldara.    Au coma C ion  of  waidlng 
haa  gradually  cakao  plana  by  uaing  automacio  vira  faadlng  and  apaelaL  aaaai  trackara  • 
In  conjunction  vich  "craWcora"  capabla  of  following  a  acralghC  aaaoa.  ^Hltachl^of 
Japan  baa  larplaaaead  a  20  paaa  Vnld  at  a'pracialoo  cut' joint  baCwaan^cwo  (fijia 
aacclooa  vich  a  V*  wall  chlqknnaa.    Tha  aaaa  gaomaCry  In  aany  applicaCiona  la  far 
from  acralghC  and  for  Chick  waidnanta  (tbova  3/16")  U  la  difficult  co  malneain 
unlfora  aaaai  ipaciog  or  aaaa  allgnaanC.    Tali  face  'la  aapacially  Crua  of  waldlng 
aaiociacad  wish  ahip  nulla.    Alao,  Cha  ahip  hull  la  larga  and  appaara  CO  hava  an 
"agg  craCa"  gaomaery  In  amch  of  lea  awl cl p la  'wall  and  smlclpla  call  oonf  Iguraeion. 
Thla  raality  taaka  a  aobllley,  daxearley,  obaCacU  avoidance,  auparior  aanalnp),  and 
high  pracialon  aaaanelal  Co  a  ahip  valdlng  ayaeao.    Bayoad  chia,  axcaaaiva  caacbing 
claa  for  auch^coapl'ax  gaoavaeriaa  bacooaa  a  doninanc  problam  of  eha  axiacing  roboc ic 
eachnology.    Thla  la  eoapoundad  by  eha  face  chae  ahipbuilding^  la  characcar izad  by 
tea.  variaey  of  inaLl  bacch  oparadona  (ofean  uaiqua  aaaaabliaa)  whara  programming 
claa  oan  rapraaaoc  aa  such  aa  90X  of  eha  CoCal  procaiaidj  clraa. 

In  ordar  Co  alininaCa  aoac  o(  th«4a  probUr:*,  cha  roboc  waldinn  iysC«ni  must  b» 
dri/aa  Croa  a  daca  bata  of  Cha  ship  coaponanc  bainj  valdad.     Refaranca  poinca  on  :ha 
cackad  aasaobl^  can  ba  uaad  co  aucomacical ly  placa  cha  uorkpiaca  in  cha  coordinata 
•yscan  of  cha  roboc.    Than  if  cha  roboc  ia  abtolucaly  accuraca  and^if  cha  waldin; 
procaaa  ia  aoaicorad  vich  adaquaca  aanaora  (such  as  vision),  cha  walding  procedure' 
can  ba  achiavad  wich  vircually  no  caaching  clea.    Of  coursa  eha  daca  baaa  muse  t«U 
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,  cne  rooue  where  ehe  "obitaclee"  of  the  UcjonpLeCe  ••••ably  ere  and  hot/ they  chaQfce 
«•  progress  is  nede.    The  robot  intelligence  auac  be  capabU  of  avoiding  cheat 
.obac.clee  Without  huaan  inCarvene ton .    tc  ia  aiao  faeeible  that  one  roboc  could  be 
uaad  eo  place  parte  ia  ehe  aaaembly  while  ehe  aacond  robot1  perforraa  che  necea.ary 

«eli.  *  .* 

' .  ■ 

5-    Mvclog  and  Derlrotlqg  of  Airfra-ai  % 

* 

Hundred a  of  eheuaaoda  of  rivets  ere  uaed  eo  aaaanbie  ehe  cUframa  of  modem  ' 
•irpleoee*  ■  gveo  though  wpacial  hfHd  held  riveeerev  are  need  effectively,  they 
require  a  groat  dael  of  heavy  labor.    U  h*s  bft.u  frequently  auggeaeed  that  robot* 
be  uaed  eo  Hold  ehe  riveting  unit  during  ehe  riveting  process,    to  order  CO  perform 
thie  t«sk,  che^riveCer  muet  be  perpendicular  po  che  aurface  sod  pcrfocClr  aligned 
wich  ehe  riyec  hole.    The  aortic*  geometry  and  rivet  array  forsia  e  complex  apetiel 
geomeCiry  which  dawand.  ch«C  ehe  robot  here  generic  nocion  capsbiiity.    Because  ehe 
rivecar  ia  heavy  che  gr.vicy  rorcea  will  cauae  eigoificac  deflaeciona.  Xheae 
dcfleccioua  and  choae  due  eg  rireciog  forces  enieC  be  coapcneaccd  for  by  <h  eceive 
•aciine  incelliganoe  c.psble  of  poaicioning  ehe  riveter  eccureCely  in  coordineCee 
attached  Co  the  airframe.    Then  end  only  chen  can  the  dace  baee  control  che  robot 
direcely.    Otherviae,  ehe  roboc  suae  be.  calibrated  and  caughc  for  each  acgtion  of 
every  airplane  one  at  a  tie*,    gueh  teaching  effort  vouid  cooauac  more  ci**  and*  % 
higher  expenae  than  che  previous  Manual  operations. 

Urpiane.  pUced  on  aircraft,  cexrier.  experience  see  .alt  norroaion  of  che 
T^^f      aaceaaayy  Co  derive  cha  airframe.    Alt  of  eh*  above  r.quiremente  „ 
rlllllA  J2  ■             C/-  f1*?  Mc-"«r  to  accurately  drill  out  th»  old  rivet. 
lilt               11  U  V1*"17  **P"««W  beceuee  of  eLi  the  uncerteintiee  end  load  . 
varisCimu.    An  advanced  f0r*  of  dosed  loop  control  of  a  procieion  robot  combined 
wlchco-put.r  vi.iom  could  .ak.  aelf-calibracion  of  the  roboc'  r.i.tiv.  co  che 
mJSZZ  5V5 bi\9°.l0n*  ****  ****  b*"         eh.t  .ir  frsme  vr.  avail.ble.  Such 
rrsoeetield  operation,  .hop  taking  repair  logiecic.  much  aote  economical.  .  „ 
ZintaCY  SYSTEMS  QPfeKAT^QMS                                       •    •  w 
Nuclear  flee ion  RaacCora  *  _    _ 


There  are  major  economic  loaaea  asaociaeed  vieh  the  crieic.l  o.ch  down  timm  *nA 
MM  VA    „  Tir?*  f1"10"  """"     ™«  eot«l  ao.e  o«  eh...  op^.Jioa.  In 

-TT>«  pr.i.nc  Uv.l  of  Mnipul^eor  e.ehnol'ojv  U  Imuffici.nt  tn  „.,#„^.  t  « 
«nd  a««r  ctra  rt.ctor  v.,  „ot  d.,l.n.d  Yor  r.!„r.    ™  •fficl«'>e  n.nn.r.    Th«  pr.-i«nt 
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■*     -ar«  .-ukipli  caa*  capabi.Ucy.  a  high  lavaL  Jf  machirta  tntalJUpnca ,  man-machioa 
m-.trfA*.  da<:aHky  and  obacacla  avoldanca,  praclalon  and  io*i  capacity,  and 
|Q?tAi»i£Uy  and  oobiUcy.  % 

'  *  *  r> 

7.  Xiilaac  ru«i<yfi  Eaactora  ' 

Mant  availability  of  fualon  raactora  will  ba  cloaaly  Uokad  ro  thi  af factiv**- 
naal  of  tha  raoota  Miaciainci  tachnologj  to  bo  aajployad.    Hany  axparta  boilovt 
that  rathar  graat  taehalcal  ad  vane  a  a  ia  tha  technology  will  ba  naoaaaary. 
Priacaacon'a  tm  Cor  axampU,  U  plaoolog  for  an  availability  o|  about  IX,  but  «van 
ehia  haa  toe  yat  baan  daaonatratad  wicb  Cuarant  taahnoiogy.    Too  fuaioo  gnginoaring 
Davica  (flO)  of  Oak  Eidga  haa  la*  a  30t  availability  goal.    Tha  objective  of  tha 
piano ad  Starflra  fueion  utility  plant  mat  ba  73X  availability; 

Tha>fuaioa  reaccor'  rapraaaata  a  highly  uncertain  eaTirooaenc  p  t hue4  calling  Car 
a  completely  gcncrcl  raaote  eyataa  with  advanced  aachina  intelligence  and 
aao-aechiaa  interface.    Tha  moat  difficulty raaote  taak  will  ba  tha  handling  of  .th^ 
400  ton  ahiald  aector.    T«e  ahiald^  frame  auat  ba  praaiaaly  pOaitioned*  out,  and 
vaUad.    1>e  raquired  aianipulatora  auat  baadla  Loada  up  to  500  iba.    Tha  larga  loada 
<oni»inad  with  tha  larga  ana  diaaaeiene,  plaoa  extrame  da men da  on  tha  technology 
"    .  vhara  praoiaion  requirement*  ara  vary  high.    Theae  ptojactad  requireaaota  viil "not 
ba  cat  by  avolutionary  devalopmant  expaattad  fron  induatriai  laboratories.    A  amch 
more  coaptate  undaratcnding  of  tho  coaplex  geometry  and  dynamics  of  tha  manipulator 
ay a  rasa  ia  naadad  to  produea  thaaa  largar  aaintanance  davieaa. 

8.  Oil  Exploration  and  Production  on  tha  Ocean  Floor  *• 

'    Ac  tha  praaanc  time,  tba  Majority  Of  operation*  ia  earriad  out  by  human  divera, 
rapraaanting  an  a*treaely  dangaroua  activity.    Tho  praaant  trand  towarda  daapar 
opan-watcr  walla  repreeente  an  even  mora  daogeroua  oparacioa.    Oparationa  balow  450 
aatora  ouet  ba  aorriad  Out  by  leaotaly  Operated  Vehielee  (gOVa).    Thara  ara  two 
major  liaiteclona  la  tha  uaO  of  tOVa.    *  re  a  eft  t  vahiolaa  ara  control  lad  by  tatharad  - 
Jinae,  which  become  tangLad  and  aavaraly  UmitJ  mobility.    Aleo,  due  to  tho  lack  of 
ad?  mead  aanipulator  technology,  only  almpla  taaka  luoh  aa  monitoring  and  tnapaction 
nay  ba  earriad  out  ucing  ROVa.    If  tha  offahoro  oil  iftduatry  plana  to  raaoh  graatar 
daptha,  aa  mmphaaia  on  laproved  raaote  tadhnology  ia  nece  a  aary.4_  During ..the  3. year.  _  . 
'   pariod  (1973-1979),  approximately  100  valla  were  drillad  at  daptha  over  1000  ft. 
Subtaa  production  ayataaa  (underwater  walla)  ara *uaad  at 'daptha  of  2000  ft.  Tha 
loiaataant  for  a  total  oparational^platfoca  aay  ccaljv  ox^eod  %\  billion. 

107 a  can  oparata  at  1/10  tha  (oat  of  human  divar  lyataal  primarily  bacauaa  of 
rac*ucad  aupport  facilitiaa  and  paraonnat.    Xiao,  daaeanea  add  aacanta  raquira  long 
parioda  and  in  bad  vaathar  aignifieantly  incraaaa  rilka.    Thara  ara  ovar  140 
tarnarad  ROVa  In  uaa  today.    Approniaataiy  30  vahiclaa. hava  aanipulator 

(        capabilitiai.    Moat  of  thaaa  aanipulatora  Cannot  par form  tha  highly  uaaful  but 

difficult  taalca  of  valding,  cutting,  bolting,  ate.  Aa  tha  production  aystaa  avolvaa 
it  vill  bacoma  mora  modular  (l. a.,  valva  modulai,  pipa  joint  modulaa,  ate.)  anabling 

"      oori"  rapid  and  raliabLa  raplacamant  by  ramota  syitama  cachnvlog'/.     A  comparative 
iacrtaaa  in  cha  «f fact lv«na«s  o^*thla  r'emoca  syat«n$  technology  vould  yield  ai<jor 
aca^o^iic  banafica.  ■  * 
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,    Coal  Production  „  „ 

It  appeereitbet  aigolflnenc  economic  benefit  end  oiaar  lefety  would,  reeult^ith 
Cha  uce  of  re no la  ayeteate  technology  In  daap  underground  coal  ninee.     ALaoet  no  euch 
resocc  technology-Ha  preeently  uaad  la  underground  mioaa*    to  ochor  uorde,  vary 
Uccta  erogreaa  bee  baaa  udi  ttfafakai  coal  production  poaetble  without  cha  direct 
involvement  of  human  ope ret ore  -  I.e.,  the  aaaloeo  mioe  U  a  distant  poeelbility. 
The  frotenciel  axeee  for  automation  cad  robot ioa  ara  roof  aupport,  materiel  handling, - 
lira  aoaerol  a4  reeeua,  con  aurre&lance.    loof-boltinf  U  tha  aoat  dangeroue 
activity  In  underground  mining,  couaiaf  30X  of  all  aloe  facetitiee.    The  oining 
induatry  ia  five  claw*  aura  daagofouo  then  tha  average  0\$.  indue  try,  with. about  200 
deatne  occurring  each  yaar.    tba  aaat  of,  lajwricc  beeed  00  1974 ^ata,  to  ail  aectore 
of  aooiaCy  (induatry,  pereoanal,    haelcn  t  aftanoiaa)  waa  $34  ail  lion.  ^ 

Automation  of  tha  aoal  mine  will  involve  tba  Implementation  of  gay  art  I 
dadlaatad  aeabioee.    For  ax  amp  La,  tha  ooatlnuouc  wall  lyataa  rapraaanta  en  annual 
return  an  invearaent  froai  13  to  23X  dapandio*  upon  tha  laval  of.  automation 
larplemanted.    tha  uaa  of  remote  aye tema  technology  will  ba  vectly  improved  whan 
tbaaa  dad  ice  ted.  naehlaee  will  ba  modular ij ad  waking  maintenance  by  module 
replacement  feeeibla>    Than  robotic  malatenanae  cyeteaa  can  ba  developed  with  high 
mobility  for  tbia  teak  aa  wall  aa  that  of  monitoring  and  aurvell lance*  Thia 
combination  would  aaka  cha  aanlaaa  aina  poaaibla  and  aignif icantly  raduoa  tha  aoata 
aaaoaUtad  with  naintelnina  an  environment  which  ia  luicabla  and  cafe*  for  cha  coal 


no. 
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Kuglaar  7uel  laie^Upg  and  Uprocaaaiog 

Veal car  fuel  band  ling  and  prone a a in*  waa  cha  flraft  application  of  robotic 
manipulator!.    Tha  technology  waa  developed  froa  &945  to  196)  at  Cha  Argonna 
National  Ubarctory.    Haay  hot  call  aanipulatora  ara  ueed  for  thia  purpoao  today. 
An  evolving  a>pl  Lection  which  ia.  now  being  puraued  ia  fual  rapronaaaing  at  tha  Oak 
RLdga.  National  Laboratory.    Thar  a,  a  saw  generation  fual  rapronaaaing  plant  ia  baing 
daatgnad  for  laplemcntction.  lata  in  tha  l9«0'a.    Sufth  *  ayaCCai  which  ia  aada  up  of 
literally  thouoeada  of  component a    chaC  could  fclUmucc  ba  aaintainad  raaotaly  onca 
it  aearta  operation  bfoauaa  of  cha  high  internal  radiation  level a.    Ooa  of  tha  flrat 
requirements  of  cha  aninteoanec  ay  a  tear  la  erne r eor diner 11 y  high -rellehilicy.,  Hot 
only  auaC  Cha  plane  ba  nodular  and  eCrucCured  for  aainCananca,  ,  to  cuac  ba  cha 
robotio  ayacaau  Uaad  for  aainCananca.    Tha  robptlo  ayacaai  mute  ba  moved  on  trecka, 
anywhere  in  tha  plant  making  effective  ooamuaioction  with  aft  ant  a  ma  I  data  baaa 
diffleolt.    lacauaa  Utarally  hundreds  of  aa in can an a a  taaka  ara  iovqlvad,  a  human 
oparator  auat  euporviea  or  manually  control  the  caak  parformanca  through  a  highly 
developed  nan-machine  intarfaaa.    A  naw  generation  of  robotic  Manipulator  ia  baing 
developed  for  thia  cppLinetion  aa  ara  apaelal  intavfaca  tachnologiaa  to  tha  oparator 
(vieuCl  graphica,  volca  commanda,  force  feedback,  etc.).    The  goal  ia  to  uaa  an 
advanced  aechlce  intelligence  to  reduce  the  burden  on  the  human  operator  by 
eutoaeting  ee  aany  opergtlooa  aa  poaabla.  • 

KUtTAAY  OfjtjUTlggj 

/ 

Racote  Oceen  0paration4| 

Tha  Navy  hae  aetabitehed  a  program  to  aaat  both  tacclcet  .nd  etretegic 
objecttvae.    Ail  Indication  are  chat  auch  of  thia  work  raUeine  at  tha  conceptual  or 

III  on*^!!'*'*-    °*9  Qt  Ci*  flfat  obJ«cctv"  l«  «  perfom  ...rch  and  Id.nclfi- 
cation  of  ,ub-aa.  ey.C.aa.     p.yond  thUf  th.  goal  U  to  rttrUvtl  runccion- 
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of  loie  hardwire  or  UrUkan  lubaariait.     finally,  Chi  aoit  daaanding  Caak  will  hi 
^••■ocittad  vich  aati-nini  and  mt i-i^inrin«  activity.     In  chi  »tr*cagia  unit,  Chi 
4  lAViag  and  oaUcaaanai  at  uadtr-vttiXoaaunicit  Ion  eiblii  ind  powir  crlniniiiLon 
liait  ii  •  Vary  high  j>rlor(tyi     u  i^cliir,  ChiC  cha  oparaCiog  invtrooaanC , 
•  •picliliy  {or  oitucinihai,  ii  uaatmeCurad  and  could  bo  naciiiary  «c  iay  dtpch  oC 
Chi  ocion.    for  isjnpli,  chi  Will  uadiriCood  Ciik  of  uadirviCir  hypirbiric  wild  tog 
can  not  ba  parforaad  by  chi  priiioc  Cichoology.    All  pfiiiat  tyttaaa  iri  tatharad 
IdV'i  or  i^U-coacflaad  diviog  ohaabara  (!.«.,  apaciallaad  aubaariaaa).    Only  oao  oJS 
Chits  •yiCan*  (ca«  tOV  OiCA)  praaaady  offiri  Chi  nauaiiary  faatura  of  foraa 
fiidbaak  Co  cbi  opiriCor  or  Chi  oooCrolliag  donpuCitb 

OiMVilly,  tnii  ringi  of  apnllaaalaa*  will  raquiri  chi  aoaC  advanaad  gaoario 
robocia  Manipulator  Caahaology  poiiibla,    A  auabax  of  chi  i/iCmi  mat  ba  untiCharid. 
Co  bo  ifficclvi.     Thi  daaeatlty,  •  Mi  log  ►  and  pracUioo  of  thaaa  tyiCaaa  amiaC  ba 
vary  will  tacagratad.    Thi  nan-aacblaa  Ucarfica  quiiCloo  la  alio  of  thi  hlghiit 
poaaibla  taporCaoca  dui  Co  chi  uaiCmcCurid  oaCuri  of  ehi  Ciik  ipicCma.  FlaiLly, 
Cbaii  iyataai  mat  opiraCi  vlch  aitCr  iordiaary  rallabllUr  with  cimi  aa  cha  oitaaca. 
Ovarall,  roboCia  KiihnolOgy  wichia  Cha  ocitu  will  rtqulra  cha  baaC  of  all  oonpooant 
and  tyiCaa  caabaologlaa. 

flaccla^lald  Opaaacloqj 

Tbi  prUary  objactiva  la  Co  par  form  rapid  advaoaa  lUuviri  with  aloiaum 
arpotura  to  uofriaodly  forooa.    Savaral  dadlciCid  unLaTauoh  aa  iucoooaoui  miaa 
diCi«clon  and  dlaabllog  vahiclaa,  auCooowoua  offanaiVa  cattka,  ate.,  will  ba 
••■aaclaL.    ta  addlclon,  bacclaflald  ooammlcatloo  Una  oaCworka  smat  ba  ascabllihid 
ift*  aaiatalaad.    Thaaa  fuoatiooa  can  ba  parfornad  auCoaoaoualy  only  If  a  collection 
of  oaaftora  ara  danmiopad  (aaouatia,  opCioil,  alaoCroaugoatio,  canclla.  «uJ  which 
tra  fiald  hardmaa  aod  highly  ralfabli.    Xo  addicion,  coaputadonal  Halon  baaad  oo 
•torad  objaaC  knowladga  a«,.c  ba  oapabla  of  raoogniilng  objacCa.    All  of  chii  aanaory 
iaforaac^on  ouii  ba  forward  id  to  an  oa-botrd  cancral  procaaaor  whoaa  aa  china 
laCalllganaa  it  aapabla  of  reasoning  and  developing  a  aCraCagy  for  action  ThU 
•CraCigy  eniae  ba  eerriod  out  with  hlgb  reliability  to  benefit  friandly  forcaa.  ■  - 
0 

aoCoaoaone  ayattat  tiod  Co  bi  opiTiCioai  apaeifio.    Therefore,  oUcrootlvea 


Ion 


•5:  Um!1  U  ***  '•■■"•U  Co  di^alop  .o  auconoaioui  rovtoa 

a  ill \  ^h  W,U  b*  t-rigt«d  Mtiwt  uofrliodly  forcii.  Owirill,  cha  outat 
i^^lailte'  iPP""  t0  "P"i,0t  •  t"h0°l*«i<'1  MP  vhlch  -m2c  ba 


Hitot<q«nc«  tod  to«n«nc7  Mjijtr 

Ont  Of  tht  baile  raaltclat  of  aodaro  »UU«ty  utn{«l  1.  chat  It  Im  co.nl 
.od  »,.^K:coatiouo«.ly  .ortltor..  .nd  ».tnt.tn.d.    thi.  i.  ..p.ci.Uy  tru.  of 

2*^?'  "'U'  U  b"'l«  «•  l"  ra«ot.  location.  ,uch  a.  on  board  aircr.f- 
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Two  it. pa  tiln  ba  takan  to  raduaa  tha  attpoaura  Co  canonical  Ly  erainad  paraonnal 
whiio  ic  tha  *«•  tl*a  tlaklog  aaarganay  tapalra  ouch  mora  rallably.     Ona  of  thaaa 
aeapi  baa  alraady  baan  aJtabliahad  withio  tha  (laid  of  av tunica  aad  ChaC  la 
aaW-cootaiaad  aodulaa  that  ara  aaally  intarehangad/  thia  daalgn  philosophy  suit  bm 
us.d  oo  cha  •  •ch.nUal  ayataft  aa  wali.    Tha  lacood  itap  la  to  aaka  naiatananca 
Ihtjujh  talaoparatlon  faaaibla  by  deploying  a  ganarle  ■aintaoaaca  robot  ay a tarn 
ha* tag  a  preoUton  daxtarOue  manipulator  with  fore*  faadback  to  a  ranota  atation  '. 
where  cha  oparator  work*  with  a  oulcWaeeCed  aeorauMhlue  loterfeca.  0.c*u>. 
ecergeoay  repalxe  auiy  ba  required  dua  to  damage  froai  eaeavy  Ure,  tha  taak  epeatmav 
*uet  ba  aooeldared  aa  unstructured  thua  tetjuirint  a  high  level  of  huaiao  Judgement 
aa4  deaieloe  making  to  make  tha  main Banana,  rapair  aa  rellabln  aa  poaelble^  Kara, 
tha  tee  analog  leal  g*P  eppaave  to  b«  .  geaerte  preeleieu,  mobiLe  robptle  manipulator 
vizh  tomm  machine  Intelligence  eupporced  by  a  auparlor  mea-aaahine  interface, 

M»    fuel  Aad  aaaauoition  fUndllng 

In  tha  deployment  of  tactical  unite,  tha  fuel  and  ammunition  conn  arc  tha  moat 
likely  targata  of  unfriendly  forcaa  and  when  hit  aauaa  potentially  aavara 
deatmcclon.    Haooa,  •inUialn*;  pereonovei  la  thia  tone  would  ba  a  high  priority.  In 
addition,  dorlag  engagement  rapid  Loading  of  fual  and  ammunition  U  a  vary  claar 
nocasetty.    Tha  major  time  element  ia  aaaoelatad  vith  ammunition  loadlog  of  auah 
unlta  aa  tank a.    It  praaantly  takaa  .3  to  4  houra  to  load  a  taak  with  ita  full 
complement  of  munda.    tt  la  daalrad  to  raduaa  thia  to  ona  hour  -  therefore, 
potancially  doubling  tha  availability  of  tha  tank.    A  caoant  example  of  f' 
automatically  loading  an  Jy-10  anti-tank  airoraft  in  •  afatutaa  relative  to  a  period 
of  3  houra  for  manual  operation^  ahova  chat  a  truly  integrated  eyecata  can  raduoa 
loadlog  eUa  by  aa  much  aa  a  factor  of  20  timm*. 

Tha  cartel on ed  ayataaa  would  employ  a  boavy  duty  robotic  manipulator  Co 
■o*i-eutomatloally  dap. U at  tha  ammunition  and  peer  It  to  a  tranefar  davioa  at  tha 
aaavay  of  tha  tank.    T>a  tranefer  davlaa  would  lownr  tlje  round  to  a  rafaraoca  rack 
in  tha.  tank  from  wkiah  a  dc* Co rout  robotla  manipulator  would  teke  tha  round.  Tha 
iocamal  manipulator  would  remove  any  "dude"  aa  a  flrat  .tap  in  tha  return  oycla  and 
ea.<a  all  Incoming  round,  add  automatical  iy  pallatiaa  them  in  tha  tank.    Tha  latarnal 
aani?uU£or  would  alao  b«  abla  to  taka  tha  round,  oue  of  tha  tank  pallata  and  Ineert 
tttaei  Into  tha  taak  gun  barrel,    Thia  internal  .rate*  would  than  make  ona  oraw  member 
redundant.    Tha  e*tcrncl  Manipulator  would  ba  rather  larga  and  eooowhet  mobile  on 
ice  own  pl.ttorm.    Tha  blgaaet  tachnnlogieai  gap  would  likaly  ba  aaaoelatad  with  tha 
if  MT'  •*fa^U-,.hl,h  loU  ">*°lc^  praclaion  menlpuietor  (iotamal  to  tha  tank) 
which  .hbuld I  ba  ot/aratad  autonomously,  aapaoiaily  during  maneuver e.     Such  Ihcluelve 
Vcbnology  will  t.qulra  vary  high  integration  of  ao«ui  inaatura  but  .marling 
eonpooant  taohnologloa. 

* 

13 •    f lanalag  and  Stratafy  Qparationa 
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la  eha  near  ttrw  theae  tfsake  could  bt  taken  <wer  by  talaoparac ion  it  tha 
cjncsol  tm  ia  relatively  tiapla  and  no  on~board  aecivtty  demania  humeri  activity. 
A  i  taa  r.aak  bacotaee  aoti  implicit,  bacauia  of  inviaible  nanagad  obataclae'by 
uufLiacily  forcei,  it  bacoaaa  nori  difficult  to  adequately  train  tha  tarie  nunbtri 
of  pertounel  required  in  tha  (field,    Hanca,  in  tha  long  tana,  oo-board  computer*  • 
wt.ll  j«  required  to  provide  planning  and  navigation,  'planning  invotvae  data 
'at:quiaU<na  (parhapa  fuaay)  Co  augment  an  exlating  dataN*aaa.  caaaoning  among  *  - 

altarnativai  (aerially  or  in  parallal).  acoountiog  for  cmtfjlag  among  on-galdg 
actiona  (spatial  raaaon<og)  and  in  prooaaa  control  thrown  aonicor  ing  and  time 
efficient  up-dating  of  tha  planned  opcracion.    M*ylgatT£on  accoqnta   for  tha  exietiag 
ayatem  Conf I  juration  (geometric  atatua)  among  stationery  or  managed  obataclaa 
(avoidance  icrataglaa)  Co  develop  rout«a  (optimal  patha)  by  aaiaa  of  a  global 
evcrebeae.    imnl  important  technological  gapa  exist, .    Primarily  dlfftculciee 
Artie  from  fuaay  acquired  data  or  Incomplete  data  baaaa.    Rouce  planning  tavolvae 
on  a  of  tha  u>at  demanding  of  all  optimisation  problaaa   if  tha  obtceclae  ara  numerooe 
or  eanegad  af factlvaLy  by  unfriendly  Torcaa.     finally,  atrategy  idantlf ication  thCQugh 
anal/ala  of  cha  "movement  of  managed  obaceclaa''  would  j>rova. ^valuable*  t°  dacleiou 
aaVara  la  tba  field, 

WJCt  AUcsariTAXIOil  AWP  ACtUCtTUIUflK 

Micro-Surgery  ' 

Hicro-iurgary  involve a  tha  oaa  of  a  taicroacopa  to  anbenca  by  %  factor  of  tan 
tha  via  Ion  of  thai  aurgaon.  •  ±t  thia  point  In  tiaa,  thla  naa  baan  a  oajor 
advantage  in  tha  fields,  of  aya,  ear,  throat,  and  brain  oparakiona ,     In  addition, 
outib  raaaareh  now  iavolvaa  work  with  aingLa  cells  and  raquiraa  tha  baat  available 
praclaloO  in  aeehenicnl  opareclona.    Tba  primary  a a  ad  damon* traced  by  thia  activity 
la  co  augment  tba  human  operator1  a  moCor  capaciCy  (i.e.,  tha  aurgaon' ■)   in  ordar  to  ' 
complement  hia  enhencad  viaual  oepeclty  parhapa  by  an  order  of  aagnituda  (by  a 
facfrr  of  10).    One  of  tha  goala  of  thie  typa  of  system  ia  to  lengthen  the- 
produc'tiva  Ufa  of  the  surgeon.    Tha  other  immediate  goala  of  inprovad  preciaion  can 
ba  achieved  by  filtering  jittara  and  oecllletione  from  auaolaa  that  ovar-raacf  under 
canaion  and  by  changing  aoaLae  of  the  oparation  through  computer  enhancenenc ,  Thua 
far,  little  haa  been  dona*  to  eetlefy  thi,a  need  with  a  flexible  all~purpose  (genaric) 
eysteau     Mlniaturiaad  robotio  syetems  have  noC  ax per lanced  much  developmenC  Co-dAOe. 
Three  componeot  technologiea  are  laportant  to  thia  application.    Tint,  aa  the 
aysea*  bacoaea  amailar,   friction  be coma a  relatively  more  important  making  special 
frlceionless  beeringa  en  imperative.     Secondly,  becauae  tha  taske  era  at  auch  a 
aagll  scale,  apaclaL  miniaturised  force  eanaora  omit  be  implemented  to  keep  the 
eurjeon  in  oloae  awareneea  of  the  operecion*    Thirdly,   the  aurgaon  auat  work  through 
a  superior  trenapareot  man-machine  inCarface  hy  order  to  neke  him  not  only 
confutable  but  fully  in  charge  of  the  proceeej     Theae  component  technologiea  ere  . 
verV  (Unending,  end  thua  far  poorly  davelopad.     It  ia  eetioatad  that  a  major  team  of 
rmaarchar*  would  require. a  decade  to  Implement  thlj  technology  in  clinical 
operation*. 

»  « 

Proitn»c  ic i  an d  Or t  ho tjr \  ^ 

De«?Lta  the  fact  that  no  -net hod  for  preventing  or  cur  ink  t!ie  nany  arthritid** 
afMiccing  i»n  have  ba»n  found,   significant   edvanctxants  havt  b«e'n  a  ad*  in  the  past 
decade  coward  providing  an  adequate  substitute  for  destroyed   joint*.    *Thc  major  • 
impr fweaanr.  in  tha  care  of  arthritlca  haa  been  the  development  of  internal 
proitneaaa      A  nominal  number  of  paiaive  orthotic  deviuei  have  bmmA  developed  to  act 
aiientlejll/  aa  braces  for  the  weakened  human  itructural  lyatam.     A  major  opportunity 
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no*  axiaca  becauaa  of  developeenC  in  robotiae  and  nieco-eleceronUe  co  develop  • 
aeclva  aid*  Co  cho  hu#en  ayacem  vhara  Che  nuaaular  eecivicy  it  dlninlahed  orv 
■  cro?hitd.    Or  tc  may  be  poeelble  to  rap lea a  ehe  function  tocelly  by  an  elteriuciva 
device,    ta  chi  fine  ceae,  cho  kinomatiaa  of  itch  acruceurel  element  (the  knee, 
ankle,  ahoulder,  etc.)  mute  be  Muln«4    in  vivo  co  eicacely  duplicece  let  roolduai 
Mtiott.    Tbie  <UCa  ean  bo  mod  Co  dmeign  and  demopecrece  a  ciaaa  of  actively  driven 
OrghotU  acruacutaa  co  replace  or  aupplaatenC  Cha  extaclog^ueekeoed  auecuier 
ecclvlcy.    Su«b  davioaa  aould  bo  extremely  velueble  in  training  or  eCrengchealng  t 
■uaaUt  that  have  experienced  Wreuae.    U  aha  eeoood  eoea,  coeel  repiaoemnnt  by 
gim  of  an  actively  povered  davioa  (proachaaia)  may  ba  oeoeeaary.    Rara  remaining 
nuaaiea  a  an  ba  Crainad  Co  ganaraca  olectrieal  aignaLa  Co  bo  iocarpracad  by  a 
olow>proaeaaor  whlah  than  would  control  tho  aotuatora  of  cha  daviaa.    K  frequent 
objective  to  aaaio's  awadrepief  in  a  U  to  implement  artiauUtad  vheel^  chalra  or  roving 
robot  eervanee.    All  of  ttteee  tyeteme  suae  ba  daaignnd  for  cha  Lowaat  poeelble 
price,  ba  an  light  weigh*  aa  feaeible,  and  bo  exceptionally  reliable.    Mao,  in 
ovary  oaaa  cha  g)an~mechine  intarfaoa  muet  bo  aarofuUy  matched  to  tho  individual  bo 
lc  fclneaeheeioa  voiao,  or  vieyel.    Xadiaaciooa  aro  chat  Chi  a  taehnology  could  b# 
purauod  vigorouoly  Codoy  ond  eetiafying  retulte  would  ba,  expected. 

15.    Agricultural  QgaraCiona 

Quo  of  cha  primary  pro blame  faoiog  many  egriouifural  oporaciono  ia  cha 
relatively  high  aoac  of  Labor  loeoualvo  tnaka  aeaoaiaced  with  aueh  fu net lone  aa 
fruit  barvoating*    tho  ononomio  looo  of  Inefficient  or  untimely  hnrvaacing  (tho 
vaochar  chrooc)  a  an  ba  dovaatating.    tho  altomativo  purauod  today  ia  total  plane 
harveeelog  vhert  leOoially  brad  pi  ant  a  produce  fruit  that  rlpeae  eloulcaoeouely  thu* 
elloving  tho  plant  to  bo  doorroyod  during  harveetlng  (l»e.#  aa  with  tomaeoee),  thia 
nay  load  to  both  economic  and  cue I ley  c^prnnieeaj.    Ranaaa  it  ia  propoeed  to 
comooetrate  *  now  eiepe  of  agricultural  ay  a  tap  which  ia  capable  of  independent 
aocion  depend tig  on  tho  requirements  of  tho  unit  operation.    Thia  nay  bo  ilLuatratod 
by  oho  aaanoie  of  aitma  herveeelng.    In  thia  oaaa,  cha  rlpo  fruit  tin  bo  idoncifiod 
by  ica  unique  oolor  (orange)  reieeive  to  a  dark  groan  background-  thia 
idontiflnotion  aan  now  ba  coeompllehmd  by  oonputoriaad  via ion  vhioh  would  Idantify 
tho  fruit  and  provide  data  co  tho  central  proooooor  to  quantify  the" location  of  tho 
■        fruit*    On  chia  baala,  a  robot  am  eould  bo  iottrueted  to  pick  eho  fruit  Co  fact 
confirmed  by  Couoh  tenaori).    It  la  mommooded  that  aaj  array  (parhapa  20)  of 
Inexpenalve  nodular  robot  arma  ba  wood  to  perform  thia  function,  oooh  moving  with 
relatively  low  rpaod,    tf  one  failed*  it  oould  bo  temporarily  removed  without 
abutting  down  tho  root  of  cho  harvaating  eyetem*    Similar  developmeoca  could  bo 
purauod  in  greenhouee,  packing  houao,  werehoueo,  cue  flower,  and  packaging 
oparaciooa.    lc  now  appear a  fooatblo  to  orooco  a  whole  now  oloaa  of  technology 
•pacifically  tuitad  Co  non-cereal  grain  agriculture. 

19.   |cctdanc  Mlttlono 

Ono  of  tha  unmac  opporCunicloo  for  robotldo  ayataaa  InvoWoo  raacuo  and 
aurvoiUeoce  activity  aaaoolocod  with  aocidonto  auch  aa  oarch^uakaa,  f*lraa, 
Carroriac  bomha»  occ.    Meant ly»  Kaw  York  City  ond  aavoral  othor  citiaa  havo 
aaployadja  roving  robotic  ayocom  to  ramovo  or  diaablo  terror iu  bomba .    Each  year, 
neoy  pol4ea  pertonnel  ara'injurad  or  killed  froo  bomb  exptoaiona.    ALeo ,  in  punuit 
of  daagaroua  cr*imitteli,  police  frequently  hove  to  axpoae  thanaalvaa  to  attack  UutUi 
■urveilleoce  or  epprehenaion.    tn  cho  ceaa  of  firaa,  firttian  suit  Tiake  evory  *ff0cc 
lo  deeermioo  the  uhoreabouta  of  treppad  Individuela  in  an  on-going  fire,  rire 
raaiataoc  roboca  could  be  of  real  value  In  thia  iurvail lance  function  aa  well  aa 
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could  cwal  a Loag  tha  Mbli  Co  rauua  trapped  Individuals,    tc  eppeare  that 
aoeldeoe  edition  roboca  could  have  en  enorewue  inpeoc  la  Ufa  cnreacenlog  encluenc 
■I cue clone* 

Training  and  Service  Robot a  * 

a  rucure  opporcunicy  for  robotic  ceohoology  will  involve  human  eugmeacacion  In 
tut  broadeiC  potolbU  •onto.    Oaa  of  chase  functions  vtfL  involve  cralalog. 
objsoclvo  an  now1  being  demoeecreted  la  ground  bcccd  CVelnfcig  art time  for  Cha 
beginning  piloc.    lore,  cha  ayecem  duplioatee  the  flying  cockpit  anvlroonent;  ae 
accurately  aa  poecible  loniudlug  vltuel  iad  notion  feedback  to  tha  operecor.^j) 
iLaller  training  eyecaaa  will  b*  of  high  economic  iaportanee  where  tha  accual  ayetom 
(•ay  cba  operation  of  trcine,  large  cruoke,  thipt,  nuclear  wweori,  surgery,  ate) 
la  aitbar  coi.njrpaoaiva  or  Coo  dang a ton a  Co  dupliaata  id  raality.  §  In  educational 
lutcioneioae,  at  all  levelo,  robocio  taohnology  will  ba  need  co  euhanoe  funceional 
learning  (at  now  being  gained  from  oomputer  games).    Ireaently,  only  tha  aiatplaat 
digital  or  analog  laterfcoo  la  fa  log  used.    Aa  an  tnexpenalve  maor-machlna  Intarfana 
beconcs  move  universal,  this  educeclonel  opportunity  uiU  rapidly  expand, 

*  gsrviee  robot  a  have  long  bonn  anvialonad  by  science  fiction  and  a  few 
elementary  examples  heve  bagua  to  sppecr.    Kona  of  thaaa  ay a cans  ara  known  to  • 
perform  uasful  work  econemlcelly.    tha  Cost  of  such  iyetemo  could  taaily  exceed 
9100,000,    If  oaa  considers  cha  functions  that  would  ba  attributed  co  a  "houeobot" 
ona  quloklT  real  Us  ■  how  many  unique  operations  would  ba  nacessaty.    It  la 
conceptually  possible  co  oraata  an  .eutonomoue  robot  vacuum  cleaner*    This  davica 
would  carry  rechargeable  battariaa  (to  ba  automatically  pluggad  in  ou'dAnend),  ba 
highly  mobile,  and  ba  abla  to  plan  a  complete  traverse  of  op  an  floor  soacc  vhila 
•voiding  all  obsteolcs.    It  appear •  such  a  device  would  hava  tavaral  eifcply 
■rttculacad  vscuum  inu  •  cab  Hog  aooaaa  balow  furniture  and  In  narrov  volumae 
between  obs  Cedes,    tveucuclly,  this  market  will  ba  mac  but,  In  tha  naar  term,  only 
spsclsllacd  tyteetis  of  high  Talua  (supermarket  floor  clesneri)  ihould  ba'  attempted. 
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n»a  integration  of  nuaaroua  eachnologiaa  la  om  of  tha  fundamantal  tialltln 
oi  robot'  Lea  (or  aore  ganarali7  incalligtnt  cAchinaa).    Of  can  aignif leant  prograaa 
U  cha  aystaa  \flavalopmaut  will  occur  aftar  a  braakchrough  In  a  coroponanc  tachnology. 
:i*;irti,  axca^t  for  aacapt tonally  larga  raaaarch  factlitiaa,  noat  raaaarch  afforta 
vLll  purtua  a  faw  coaponant  tachjio  lo|ia»  and  look  to  tha  nanufac turar  to  do  tha 
•7«taai  Intagration  and  davalapmant.     Tha  following  14  componant  tachnologiaa  ara 
»ji»raa  to  covar  cha  bfcjad  apaetrua  rapraaantad  by  robotica.    Each  of  thaaa  componant 
tachnologiaa  ulll  ba  daacrlbad  briafly  in  tha  naxC  faw  pagaa. 

1.  «  Tha  structural  taoaiatCT  of  tha  robot,  lta  daalgn  anU  oparatlon  foe 

datamlnation  of  lta  workapaca,  raach,  daxtarity,  obataoLa  avoldanca»  ate. 

2*     Structural  dynamic!  of  robot  ayatama  for  modal  In g  of  robot  dynamic 

and  vibration  phanowana  for  purpoaaa  of  daalgn  and  impcovad  oparatlon*^ 

3.     Frlua  mo  vara,  ara  tha  auJclaa  of  tha  manipulator  uhoaa  pracialon  of 
oparatlon  la  dapandant  an  chair  raaponaa  and  raaolutlon. 

4*  Actuator  aodulat  LnVolvaa  tba  atructural  intagration  of  prima  movara 
into  aoduiaa  of  I,  2,  or  3  dagnaaa  of  fraadom  which  can  ba  aaaamblad 
into  a  robotic  ayataaw 

3.     Ead-af f actora  afa  tha  intarfaca  hatdvara  and  aoftvara  to  parform  tha 

handling,  lnapactlon,  BacbJjiing,  ice,  taak  of  tha  robot;  thay  may  lncluda 
apacial  touch  and  forca  aanaora.  ; 

6,     GraphlQa/CAD  of  robot  ph ana  man a  to  anhanCa  Intaractiva  daalgn  and 
optlmf ration  in  coatplax  manufacturing  anvlronmanta* 

7«    ganaojg  tachnology  la  aaaantlaX  to  tha  axlatanca  of  an  Intalllgant 

DA  China  ao  that  it  la  awara  of  lta  own  axiatanca  and  procaaa  par  tuna  t  ara. 
aaaoolatad  with  lta  oparatlon  (manufacturing,  malntananca,  ate.)* 

8*     Via  Ion  la  tha  apacJLallaad  aanaor  capabla  by  cooputar  anhancamant  of 
w  rapidly  digitizing  tha  phyalcal  anviconmant  of  tha  robot  allowing  for 

cooprahanalva  planning  and  atrataglc  oparatlon.  , 

9.    Artificial  tntalllxanca  atmcturai  tha  daclaion  making  procaaa  for 
cultl-layartd  phanomana  in  tha  robot  ayatam* 

10*     Intalllgpnc  control  lnvol'/aa  tha  layarad  lmplamantation  of  various 
control  atraftaglaa  on  global  and  local  obj act  Ivan. 

Sof tvara  modulaa  impllaa  tha  compact  and  hardanad  packaging  of 
fraquancly  uaad  algorithma  and  chair  apaclailzad  chip  aaaamblia*. 

12.     Conputar  archlcactura  involvaa  cha  aaaamblaga  of  aarlal  and 

parailal  prdcaaaora  capabla  of  traating  trtulti-facatad  computac lonal 
taika  uithin  cha  concept  of  r«al-tiaa  oparatlon  of  thn  ayatan. 

11.     Cocgnun  1 c it jo  n  In  t  a  r  f  <ic  g  a  involvwa  tha  structural  distribution  of 

o,mta clonal  daclalona  and  data  rMtjecion  and  tt«in*::f»r  of  th*»  r.f?n.ior 
attain  .irong  cha  variant  cor.p'>n«n c 3  rtn<|  t.r/**rt  of  t!>f  tat.il  tv«»t«?Ti. 

—men  lr.'»  lnt"r|Jr^  allotm  -Ur^r  hunan  conmunlo.tt ton  vlrli  chn 
latplli  <ffnt  ro bo tWo  allow  hunan  .iirysant.i t  Ion  In  tint t rue tur*d  task 
application*  (microymr^ry ,  nuclear  r»actor  malntfln.nnca-;  ate.). 
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TAHI.K  ll    miTIHATHII  OK  MUNI  THIttl  IHMOHYANCH  OK  CMIIWOT  rKUINOUKHKH  KUH  VAHIOUII  AI'I'l.l  CATIONS 
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MBUMl    VAUflt  m  Hti%  TERM  IHPLMdHTATIOH  Of  COMPONENT  TBCIINOIOOIBS 
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Of  cour*a    All  of  thaaa  conponaot  lAcKoologio  *«  of  prioAry  laportaocn  Co 
cha  laplaaaatation  of  roboclca  eo  chit  apactrua  of  »pplicationa,  * 
traat  daal  cm  b«  loArnad  by  ranking  eh*  tactanologiAA  with  r««P«ct  to  th«lr 
tarn  And  lool  tot.  ralatlv.  aigolf ic.oca.    Tho  long  tons  importing  or  *  component 
technology  ehould  act  ao  •  guide  to  tho  relative  euphAeiA  In  bAolc  reoAArch  Aoong 
the  vArtouA  technologies.    By  co«pArtAoo,  tho  near  torn  vaIuo  of  •  c°T"!n' 
toehnolooy  tbould  provide  on  lndlCAtlflfn  of  tho  rolAtive  development  effortnow 
likely  co  reeulc  In  tho  boot  oaort  term  "pev-off"  In  actual  Application-  Tho 
raeulto  of  on  otto.pt  to  quantify  thooo  two  lovolo  of  eigniflcence  ere  given  In 
th*  foil  owing  partial  tabulAtion. 


KormllAod  Long  Tom 
Cttfflir^  Importance 
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MofJbAll*ed  Haor  Tons 
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Technology 

Graphics/ 
CAD 

CooHMffllcatlon 
Interfaces 

Computer 
Architecture 


Koto  Chat  for  tho  two  application  group*  „  iilitary  op •  ration •  and 
energy  ryetemo,  tha  two  covpoaaat  toohnologloo,  actuator  nodulee  <*• 
and  And  off actor«j  show  high  long  tara  eigplf  icence. 

Tha  dlffaranca  batwaan  tha  naAr  tara  And  long  tara  ranklnga  la  due  to  tha  _ 
fact  that  tho  tachnologlaa  ara  not  uniformly  available  In  tha  naar  tam  where 
it  ia  aaausad-thAt  Chay  will  have  tha  a  aria  avallaolllty  In  tha  long  Cinu  In 
thta  caaa  atructural  geonotry  te  thought  to  ba  30X  availabla/T  pwtma  mo  v ere  And 
graphica/CAD  At  33Z,  whllo  vision  and  artlflclol  Intelligence  *?a  conaldarfd 
to  hava  raacbAd  only  lOt  of  thalr  raal  potantlal.  / 
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Structural  geometry 

0    Tha  analytical  cools  co  treat  the  operetion  and  deeigu  oC  the  geometric 
disenaions  of  robot  •rata  haa  boaa  found  to  b«  ona  0*  the  moetcomplsx  problsms 
AitocUtid  with  robotic*.    The  carceeian  robot  conceiaa  no  fixed  diaeneiooel 
pa  ranee  ere.    Heoy  preeent  dexterous  im  (eimilar  in  proportion  to  the  human 
era)  contain  two  fixed  dineneioos.    The  most  ganaral  6  dagree  of  freedom  arm 
would  contain  16  daolgn  piruitici  All  of  which  should  bs  evaluated,  to  enhance 
the  ruck,  dexterity,  obstacle  avoidance*  etc.  potential  of  robot  erme. 
fceeaotly,  reeeerchera  hi7«  shown  that  the  comole*  necheamtical  control  equa- 
•  tioaa  mt  fall  frequently  and  cause  disconcerting  disruption  la  the  smooth 
or  precise  operation  of  the  arm.    Future  arm*  will  ba  a  balance!  among  tha 
number  of  degree*  of  freedom  (redundancy  of  2  to  make  an  8  DOI  am)  and  tha 
level  of  co «p laxity  In  tha  geometry  and  tha  as  so  els  ted  planning  and  control 
slgorltnns.    Almost  all  exiating  arms  are  now  serial  device  a  (ona  link,  ona  joint, 
ona  link,  «Cc.>,    Futura  geoew*try"  will  involve' the  study  of  parallal  .atructuraa 
for  anhancad  p  rede  ion  and  load  capacity.    Tha  tenia  of  thaaa  darylcaa  could  - 
bacona  vary  mall  (miniature  manipulators) '  putting  Incraaaad  demands  on  tha 
analytical  tbaory  and  daalgn  nathodology.    finally,  two  or  mora  robota  could 
work  togatbar  to  par  form  an  a*  stably  cask  (say  valdlng).    In  this  cut,  what 
la  tbalr  common  workspace,  dexterity,  and  operating  raglon  without  mat he- 
ma  ticaJ.  uncertaintiea  or  epecial  looking  configurations!    What  la  tha  daalrabla 
balance  of  cottplexlcy  anoag  the  lnterectlng  arms? 

Structural  Dynamics 

Host  existing  Industrial  Manipulator  era*  are  very  flexible  and  anally 
deform  under  load  (from  0.2'*  to  0.4'*)  and  respond  to  almple  hand  shaking  at 
fraquenclae  leae  than  10  CJP3  which  aaena  that  tbalr  faateat  cyclic  speed  would 
not  be  better  Chan  30  RPM  (compare  with  most  packaging  machinery  st  300  KPH 
and  some  textile  machines  at  3000  RFM).    The  aaeociated  deformation  may  be  Che 
result  of  dynamics  of  the  system  (usually  known)  or  they  may  originate  from 
tha  task  operation  (routing,  force  fie  assembly*  deburring,  etc.)  which  are 
usually  unknown.    Many  of  thaaa  future,  applications  of  robotic  manipulators 
will  require  a  high  level  of  precloloQ  under  large  load  variations.  Today, 
•H  menlpulator  systems  opsrats  open-loop  where  neither  the  dynamic a  aor  the 
extaranl  loads  are  account  ad  for*    The  barrier  to  eeeting  this  fundamental 
objective-  le  the  ability  to  create  the  model  In  real-time  (aay  about  30  hr) . 
Having  tha  nodal  In  real-time  would  encble  the  compensation  for.the  ays  tarn 
deformatlona  and  predicted  Improvement  of  precision  under  load  by  a  factor 
of  10.    as  thla  technology  becomee  available »  more  robust  control  strategy 
will  be  Implemented  to  allow  lighter  weight  structures  (eepeclally  daalrabla 
In  aerial  arms),    also,  ae  improved  dynamic  control  occure,  redundant  degrees 
of  freedom  will  be  used  to  enhance  controllability.    Alternatively*  the 
dynamic  modeling  could  be  made  more  ecceartble  to  real-time  operation  if 
parallal  atructuraa  vara  uead.    Aeooclatejtt  with  thla  activity  la  the  dynamic 
DrogramsOng  of  tha  end  r  el  foe  tor  motion  to  reduce  command  shock  Induced 
Hjjlctl  let  lone.    Thla  objective  is  clnsely  related  co  thW  dealre  for  high 
spaad  "alawing  and  couching'*  In  minlaum  tine.  Nona  of  this  activity  can  move 
forvard  without  eccureta  parameter  identification  for, tha  link  masses,  link 
de/oraatione,  actuator  control  circuit  paranetara,  atM   As  -sany  a9  X30 
peramecer*  at*  Involved.    Hance,  ic  will  ba  essential  jto  develop  design  coola 
and  eric  aria  for  these  lighter  and  faster  aftos.  i 
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Prtaa  I'j'/ici 

Tea  auaclae  or  anargy  sourcaa  which  nova  tha  manipulator  arm  ara  tft* 
prina  covara  of  tha  syatata.    Th|aa  componanta  may  ba  alactrfc,  hydradlic, 
or  puau=atic.    Eiactric  pri=a  qftvara  ara  incraaaing'ly  nora  coroon,  Bacauaa 
of  thaic  iohafimtiy  low  load  capapicy,  Chay  almpac  aiwaya  raquira  mechanical 
forca  amplifiers  In  the  fo,r»  of  gear  craine  or  macal  tapee.    Theee  empiif lata 
all  add  weight,  compliance ,* 1sejd  becUaeb,  and  thay  lnoraaaa  maintenance  and 
reduce  reliebiiity.    HydreuUc^riae  movere,  although  powerful,  exhibit  Hai- 
ti do  oa  luctiu  f}uid  leakage  (critlcel  In  aoala  clean  room  operetiona) , 
aenaitlTity  Co  AUt  In  cha  fluid  paaaing  through  delicate  eervo~valvea, 
etictiou,  and  variable  bulk  awdulue  in  tha  fluid  circuit.    Pneumatic  actuatora 
ara  inordinately  "eofc"  and  vary  difficult  to  control  for  precision  poaitionlog 
undar  load. 

Xerw  alactric  prima  movara  ara  appaaring  (baaad  on  rara  aarth  mac aria La) 
with  lncraaalng  load  capacity  and  tharafora  raduclng  tha  critical  pataaatar 
of  waifcbc.    Amorphous  material*  (povdar  macaUurgy)  jsay  elgulf  lcantly  raduca 
hyataraaia  loajaa  having  tha  a  ana  effect,    fetter  control  through  PVM  of 
DC  no  Cora  baaad  on  V-M03  technology  and  hybrid  implementation  of  digital 
and  analog  daalgoa  ebould  provide  anhanead  load  capacity,  dynamic  reeponee, 
and  resolution*    Antagonistic,  impulee  control  circuita  nay  aoon  ba  davalapad 
vita  "croee-fir.tng"  to  furthat  improve  po  a  1  clonal  resmLuClon.  Miniaturized 
prima  covara  ara  ona  of  .tha  critical  unmat  naada'  required  to  drive  improved 
robotic  handa  or  micro-manipulators  auitabla  for  micro-euxgery ,  micro-eeaembly , 
and  ■mall  ecala  in ■  paction  and  maintenance.    At  chia  ecala,  poaicional  reso- 
lutloa  degrades)  rapidly  dua  to*  Cha  incraaaad  relative  Significance  of  friction-. 

Actuatjor  Hwdula*  # 

nodularity  of  Cha  prima  oovmr  and  lta  'surrounding  phyaical  aCTUcCura 
la  parcaived  M  a  aajor  opportunity  to  raduca  tha  $  Co  7  yaar  dajlgtt~to~ 
narkac  cycle  tin*  nov'raqulred  for  nav  ganaratlona  of  robotic  manipulators . 
Thaaa  codulaa  (or  building  blocks)  would  ba  a  aarias  of  1,  2,  or  3  a'agrae- 
of-f raadorn^  (DOF)  unita  which  conld  ba  aeeembled  rapidly  by  a  daalgnar  co\ 
respond  to  ^ha  requirement a  of  a  glvan  application.    Such  modularity  wouldV 

,dd  a  graat  daal  to  incraaaa  tha  braadth  and  rapid  diffuelon  of  robotic  \ 
ayatana.  ;  ........ .  \ 

Moat  actuatora  presently  baing  uaaft  in  manlpulatora  ara  off-the-shelf 
prima  covara  eot  specifically  daalgnad  for  praclalon  control  of  larga  coupled 
aorlooi  aa  occur  In  robot  a*    Th{La  approach  doaa  not  laad  to  an  optimum  balance 
bmcveeo  tl\a  baat.  char  act  aria  tics  of  tha  aria  a  movar  and  tha  .phyaical  atructura 

'of  cha  syatam.    ?raaantly,  many  actuatora  ara  too  heavy,  have  poor  raaponaa 
timaa  Co  commatuie,  ganarata  backlaab  lnaocuraciae,  hava  poor  resolution,  ara 
not  itiff  undar  load,  and  do  not  contain  any  local  intalllganca.    Tha  naxt 
ganaratlon  of  robot  muat  ba  cons  Cruet  ad  from  a  larga  claaa  of  naar  optimum 
Actuator  aodulaa  which  con Cain  chair  own  eub-syetems  for  eeneing  and  incalli- 
ganca.     Thaaa  nodule a  auat  ba  rapidly  sealed  (email  and  larga  alzas)  with 
atandard  physical  and  software  lntarfacaa  for  affortlaaa  assembly.  Enhancad 
maintananca  dua  to  chla  modular  dailgn  la.  an  obvious  banaflc.    This  approach 
Is  tha  primary  reason  chnc  Cha  application  of  cha  modular  micro-chip  is  so 
widespread. 

A  canuiaccu^ar  haa  recently  announced  a  3  DOF  hydraulic  uriac,  CIr.cir.aac 
tyUacrou  has  aggreeslvely  Implemented  Chair  thraa-roll  wrirtt.    A  Jap.iriasa 
painting  robot  usaa  a  sophisticated  llnkaga  basad  3  DOF  wrist  of  high  de*Caric 
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Tha  huaan  ayatam  Is  coapoaad  of  a  3  tioY  ahouldar,  a  2  DOP  *nkU»  *  3  POP 
wTi»^«Ad  Corona,  a  2  DOF  kauckla,  and  a  }  DQF  hip.    Thaaa  iyatama  ara 
cipibli  of  hia.h  positional  raaolution  bacAuaa  of  nuacular  antagonists, 
tharafora  aUatfnating  bacUUah.    Friction  at  vary  aaAll  acalaa  can  ba  raduaad 
by  ualag  anti-f riccion  cpramic  baaringa.    Paralial  linkaga  atructura  caa  ba 
uaad  in  tha  aodula  Co  craata  vary, high  atlffnaaa  with  low  waight.    Uanca,  it 
can  ba  acguad  Chat  cha  naat  ganaration  of  robotic  •y*ta»  will  com*  a  graatu*  - 
daal  «aoouar  id  a  major  thruat  for  atcoctural  ooduiaa  wara  purauld. 


gnd-gf  factors  4  / 

End-attactora  ara  tha  coola  attachad  to  '  tfom  and  of  cha  manipulator  arm 
Co  Parfotv  BpaoiaJLiaad  functlona  «uch  aa  wala1to#,  drilling,  looking  or 
unloQldng  bolt  aaaaa^llaa,  ate.    Fraquaptly,  fYactalijrad  toola  auat  ba  in  tar- 
changad,  a  procaa* which  auat  ba  tin  a^flciant  and  vary  raliabla.  Soma 
and-af factor*  Ara  multl-purpoaa  davicaa  in  tha  a  an  a  aania  that  tha  human  Jund 
la  ah  la  to  hold  a  baoasar,  acrawdrivar,  or  othar  bandtqol.    Canarally,  tha  , 
coop  laxity  of  cha  tarmlnal  da vie a  la  an  invaraa  function  of  tha  complaxlty 
(or  daxtarity)  of  tha  arm^    Aa  tha  technology  matufaa),  it  la  axpactad  that 
ganaral  purpoaa  tarainal  davicaa  (hands)  trill*  raduca  damanda  for  vajfaatility  \ 
on  tha  oanlnulator  ana.    I»a.,  anall  and-af  factor  notion  a  ( In,  tha  .form  of  a 
^  DOF  Co  6yX)F  nicto-caaipv4ator)  vlll  -ma  lea  iarga  ayataevmosibn  laa*  naCaaaary. 

Tha  normal nadiua  aixa  grippar  ot  today  la  a  almpla  pair  of  paraxial 
f lagan  capab«Ag  holding  a  3**  uaight  of  10  lbaT    Canarally,  Chaaa  davicaa 
ara  cluaajr  anfljpffuira  axcama  manauvar ability  tq'grAap  a  ganaric  objaoc. 
Fraquantly,  thaj"  IncorporajU  aoaa  alamantary  forCa  and  proximity  ianaing. 
Spaciallsad  aad-aiff  acCOra.for  drilling4,  aanoing,  painting,  ate.  vlll  continue 

.  Co  ba  davalopad.     All  indica  dona  ara  that  a  oaw  ganaric  hand  la  raqulrad  Co 
nduca  th*  oumbar  of  apaclal  too  La  oacaaaary  to  parform  a  raoga  of  unacrtic- 
Cucad  Ctaka;,    Tliia  hand  ahould  hava  3  or  mora  compliant  coordinatad  flogara 
of  madlom  datxtarlty  with  good  iacramantal  forca  aanaltivlty*  capabla  of 
grasp  lag  an4  0  riant  log  an  Aralfcrary  objact  in  apaca.    .Tha  powar  aourca  and 
in t all iganca  for  thia  ganarln  band  ahould  ba  cootainad  within  tha  unit  itaalf- 
aacauaa  of  till  difficulty  of  paaaing  control  forcaa  through  tha  wria^.pf  tha 
manipulator.    Laakaga  of  hydxauljlc -fiuida  woul^^imit  thf  uaa^u^naaa  of  lyc^ 
a  hand.    Hanci,  aiaiaturlzad  prima  covarv  mutt  ba  davalopad  for  thia'  appll^7 
cation.    Tha  flngara  for  chia  ganaric  hand  ahould  amploy  a  robust,  low 
hyatarsala  touch  sans or  with  1  gram  aanaitivity  and  a  dynamic  rAnga  of  , 
JL0O0  to  1*    Tha  daairad  raaolution  would  approach  1000  point  a/in.*  Prafarably, 

,  tha  aanaor  would  procaaa  thia  fbrca  data  locally  at  cha  aampling  raytA  of  100  ha. 
"Dnca  tha  tachxtology  for  iuch  a  hand  haa  baan  daraonatratad*  It  will  ba  nacaaaarf 
Co  fill  out  tha  apacrrum  batwaan  it  and  tha  apaclalizad  davicaa  pravalant  today. 

Bacauaa  of  tha  ganarality  of  aocion  during  oparation  and  Cha  larga  nuabar 
of  ayacio  daatgn  paramatara,  cha  daaign  of  manipulator  ia  an  axpanaiva,  cina 
qonaucing  and  challanging  taak.    Tha  ra^ltuda  of  Chia  Caak  can  ba  illuatranad 
by  no*ciag  chAt  a  annarlc  six  dajraa  of  fraado^r  sarial  manipulator  can  havr  arj 
•  a\arty  a$  18  gtoa«tric  paranatars,  60  paracaCars,  agd  £2  «ciffn*33  para- 

,  maCara  along  with  12  or  non  accuacor  paranacars.    Tha  daaign  and  davdlop-tfnc' 
of  auch  a  ganaric  acructuraf  can  coat  clllions  of  dollars  (tha  apaca  shut:!* 
manipulator  coat  $100,000,000  to  davalop).    Aa  raqulramanta  for  procisioji 
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»p«rasi:>aV;.cy«lic  apiad,  and  axtarnai  loada  Incraaaa.  tha  ability  ta  nut  „ 
an?! a*  dafi^n  obJacEivaa  bicosai  *ora  critic*!,    tn  ordar  to  provide 
•a.uoc«d  ayatasi  doalgn  and  txpand  cha  daaignar's  understanding  of  and  control 
ova*  tot  dattjrt  procaaa,  it  is  aaaantial  to  uclllxa  rapidly  growing  computer  • 
ca?ihUioi*t  and' availability  of  coaputac-aidad  daaign  and  foginaaring 
i<^(£iZ).  jiltticUixt,  computational  toola  davalopad  In  thli  affort  czo  alao 
laad  to  lA^rovad  manipulator  coatrql  algorithm  which  conaldar  how  tha 
•aajBii-ra1  a^UfWM^atrangen,  and  apaad  charactariatiaa  vary  throughout 
th*.yorHlpaca.    For  txatopla,  no  known  eathod  axiata  to  analytically  diatributa 
th^fctwcora  aloof       aanlpulator  am  with  ragard  to  led  capacity,  a p ring 
aciiftfMa,  7*paad  of  raapooaa,  ato.  / 

. "  Suppor Ang  tola  affort  quae  ba  an  affactlva  graphlqa  foodback  atructura 
to  tha  daal$nor.    Tha  aathaaatlcal  analyala  of  robotic  nanlpulator  aachaolania 

4laaila  to  incricata  victor  ralatiooahipa  which  can  not  ba  viaualixad  without 
iraptgic  aaolataoco.    Tha  problaai  of  randtrlng  priamatic,  pyramidal,  and 
a»ha^ical*obJaCta  auat  ba  tol^vod  in  raal-tiaa  aa  a  thraa  dimaoaional  imaga.^ 
J.Anaavtht  functional  ralaciooahipa  ara  known  to  bo  highly  non~llnaar(  typically 
drtrjinac*4  by  long  otringo  oi  trigonooatrlc  oparatora,  tabular  daciaioa  ruloo, 
**y  ba  nacaaaary.     Spaclalliad  hardvaro  aay  ba  oaaaaaary  to*  calculata  tha 
ra*ulrad  rotation*,  tranalatiooa,  and  aaallag  (prafarably  within  nanoaacoodo) . 

>  Colbriag  can  bi  utod  to  provida  vlaual  cluaa  for  local  da format iana ,  actuator 
lo'ajl  daoaadJ,  actuator  roaponaa  daoandi,  vibration  mcdat,  ate.    Givan  tha 

.axUcaoca  of  thia  tachnology,  it  would  than  bo  faaalblo  apatially  to  intagraCa 
robotic  nanlpulatara  in  a  work  call,  to  aaquantljlly  Monitor  an  aaiambly 
.  procaaa  from  beginning  to  -and*  to  atudy  tha  apatlal  interaction  of  two 
■*  aaolpulitora,  ate.  to  praln  an  oparatot  of  a  robotic  work  coll,  ate. 

■Sanaor  TiciwoAoiy  . 

'  F6r  robot  la  |yite«a  to  bacoaa  nQra^intalliganC,  tJltly  will,  raquira  a  u£dar 
■pictrto  df  proclalon  eanaora^euch  aa  prorLalty,  ran}*  finding,  pooltlon, 
touch*  ate.    feodant  aloctronio  taohnology  haa  at  tab  11  ■had,  fabrication  bach- 
. .  nlqutfa  at  fttall  acaloa  that  can  ba^appliad  to  tha  davalopaant  of  oaw  and/or 
graatly  laprovad  aanalng  alaoanto.*  Forco  tanooro  daaarva  'opocial  attontaon 
bacauaa  of  Chair  irraplacaabla  tola  in.  nan-nac Ulna  connup lea  tfcpo  and  anHancod 
■acjOna  in  t  alii  gam:  a.    Intaffattii  a  train  gauga  alasanta  and  pioto-raoiatlva  « 
filaa  oaa  ba  dappaited  dlractly  art  cpwollant  atrtictural  alamaata  to  ganorata 
•ignali  to  ba  intatffratad  by  local/vTSPaloctronlca.    Tha  icala  of  auch 
r.divicaa.  auat  na£ch  .tha  tcala  of  tHa  taalc  •  pact  run  of  tha  robot,    toduatrlal  ' 
ro&ota  liivolva  forc'a  '  laVale  of  .5'  to  £30  lba.  and  «uat%provido  high  rollabllley 
with  fflninua  coapllanca.    For  ainiaCutUad  ayatana,  a  rang  a  of  a  fau  ouocaa 
and  a  ralatlvaly  hlghor  coapllanca  would  prova  accaptabjla.    Today,  %xcaptionally 
fav  »tlch  dovlcoa  ara  aaoloyod,  indicating  that  robotic  ayataoa  oparato  at  a 
vary* low  loval  pf  lntalllganco. 

?rograaa  haa  oaan  nada  on  Joint  "poaitioh  ancodari  whata  angular  raaolutlon 
ot  20*  Uh  U  bita  la  now  faaaibta  (1  part  in  a  l.OOO.OQO.or  I  arc  aacond)  but 
a x,  high  c8ac  (Jl0t000)  and  tira ;    Soma  induatriol  appUcationa  would  warrant  this 
raaolutlon  whan  apacifiad  aod-affictor  accuracy  approachaa  0.001  inrh.  Tore* 
■«oaora  otl50  lbs.  aaxiauai  load  iad  1  og|dpi|DfliP"  ^av«  b^^n  dcvplop^d  ded 
•  ra  bting  aarklQad  £or  approxl^acaiy  $ jHSKWaM^QQ-     In  thaasalvas,  naithar- 
of  th^««  lyatami  an  fufficiiot  to  ^MtmjFlo c li c a  cha  #»nd-af factor  in  vorii 
coordinatia.    Tha  primary  dilacaaa  tWm$K^  to-data  is  that  accurata  datA 
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trol  and  .tharafora  a  amah  brotdar  rani*  of  useful  application*. 


71, ton  ^  Xotif  baan  p area Ivan  a*  an  Important  Information  fa  ad  back,  technology 
/or  lntalligant  nachlna*.    With  human  oparatora  la  tha  control  circuit,  tha  uaa  of 
ridicon  c«AAru  ia  conoa.    Thaaa  caoara*  ara  now  availabla  At  2/3  Inch  diamatar 
vich  600  linaa  of  cuoluOoh  And  3  lu*  intattaity.    Solid  atata  eamAraa  ara  now 
abla  to  match  thaaa  propartia*.    Thaaa  carara*  can  now  dlaplay  up  to  800  by  800 
plxal*  at  2,000  framaa  par  aacond.    Soma)  of  tha-  ayaeama  a  an  dlaplay  up  to  64  gray 
lavalA  (6ol7  qua  la  known  to.  dlaplay  color).    Tha  primary  barrlar  to  tha  Applica- 
tion of  aolid  atata  camaraa  for  aufettnoaoua  oparation  ia  that  aeqftm  quantification 
of  visual  ahap^  data  1*  vary  tima  cOtuuaing  for  tha  cojaputar  ay  at  am. 

Conaaquandy,  mwh.  of  tha  daralopmant  af fort  In  raeant  yaara  haa  baan  tar- 
gacad  toward*  aaating  alalia  anana  analyala  naAful  for  groaa  poaltloning  of  planar 
objacta  or  tha  Inap action  for  aaliant  faaturaa  auch  an  holaa  and  adgaa.    In  tha 
Unit  ad  Statu,  60  to  80  companlaa  ara  now  of  faring  Imaga  analyala  ay  at  ana.  Of 
thaaa-,  20  ara  daallng  with  oomplax  Tiaion  taaka.    Tha  moat  common  tachniqum  la 
loaga  or  tamp  tat  a  aa tenia g  by  maana  of  faatura  attraction  (adgaa,  curvatora  of 
adgaa,  araa  nomanta  of  inartia,  numbar  of  holaa*  army  configuration  of  holaa,  ato.). 
Ona  raoant  of  faring  uaaa  paraOlal  prtcaaalng  and  pipallna  architactura  to  traat  35C-*< 
planar  Inagaa/aac.  with  64  grar  lavala  in  "naarly"  raal  tima.    Anothar  compmny  uiaa 
training  In  ta ma  of  a  known  objact  ualng  gray  seal a;  taxttprar;  color;'  and  lighr 
Intanalty  In  a  combtnad  raoognltlon  achaea.    finally,  atrttcturad  light  haa  baan 
uaad  by  ona  firm  to  chack  1230  diaanaiona  on  an  angina  block  to  a  tolaranca  of 
0.015"  accuracy  ovar  a  tima  pariod  of  33  ainutaa.    Tha  coat  of  tha  ayatam  could 
axcaad  $200,000. 

Fraaant  vialon  ay •  tiaa  appropriata  for  Intagratlon  In  robotic  ayatama  hava 
a  raaolutlon  of  1  In  .200  or  0.3X,  far  baiow  that  raquirad  for  tolaranca  Inapaction 
and  approrinataiy  ona  ordar  laaa  Chan  tha  positional  raaolutlon  of  racant  praci- 
lion  araa.    Tha  numbar  of  objaota  that  nay  ba  analysad  In  tha  acana  la  limit  ad 
by  tha  computational  apaad  of  tha  procaaaor.    Turthar  limitation*  ara:  raquirad 
dadlcatad  lighting  (prafarably  aa  a  atlhouatta)  ,  vartlcal  viawlng  abdva  tha  planar 
■urfaca,  and  lLaiead  ovarlap  of  tha  objacta.    Uniform  agraamant  can  tart  on  $ha 
naad  for  procaialng  apaada  to  ba  Inaraaaad  by  aero  or  mora  ordara  of  magnitude 
vhich  la  probably  only  faaalbla  by  apacializad  parallal  procaaalng  architactura 
or  ipacial  chipi  ipaclflcall?  diflgnad  for  fattura  anhancacant  (such  as  idgaa) . 
Computational  vlalon  bacomaa  mora  loportant  aa  tha  taak  bacomaa  laat  »$ructura<i 
vhiah  Inpllaa  tha  ntad  to  traat  3-D  objacta  In  a  ginaric  faahlon  ualng  color, 
tiitura,  aurfaca  noraala,  binocular  vliion,  ate.    A  combination  of  knowladga 
baaa  and  axtrtmaly  high  ipaad  computation  appaara'to  ha  tha  only  faaalbla  maana 
of  achiaving  raal  tima  viauaJaaf  aadback. 
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ArtlfloUl  tmtlllrttit 


piaamiag.  amd  oavigaiiam  U  urn*  of  imparfaatlr  <uaatlflad  aa*  itaeiaaioAlly 
changing  pucMdri  aai octal  ad  with  robocla  manlpuUtora. 


aprliad  to  ndi  CMk  lavol.    lyaBam  operation  that  - U -  la  good  agroamant  with  tha 
vSidWd  »odal  ia  oontlnumd.    OChitviii,  poor  raaulta  euggaati  that  chit  axparlanca 
h ttJwVW  ba  uaad  eo  °bamgo  *ba  wld  ■IMltl         ch#  ayatear  operation,    ThU  awy  aleo 
■V-*S«*4  nam  taak  daaomtoaUloa  to  batter  alloogtt  inter**!  raoouroao  roloftlvo  eo 
'WtUoemka  U  tao  flo«  of  UpAt  information  Cfam  aomeora)  or  tho  flov  of  command 
;   jUlormmaieo  (from  paeaaoaota),    A*  tho  morU  nodal  and  tha  boUndo  of  taak 
v^i*«0ttMoltioo  Uprovae  du*  lo  emparlance,  too  Uvol  of  internal  deoUioa  making 
•'1 '   ^CoT 44*iolih  ***  loo  apeed  end  reliability  of  thl»  4eelaion  Mking  ahould  bo 
y?  BSaoaad     toeoafem  en  artificial  intelligence  ohoutd  Uroe  bo  pu*eued  In  terme  o£  a, 
*; ■  -5J5l  dofined  •yaten  earning  eenily  anaaurabla  perfowanon  objootivoa.  lule-beaod 
I    throning  can  then  be  uaad  l#  adapt  tha  artificial  . lotalllgaoea  nodal  to  tho 
fe^Utiaa  of  tha  actual  eyafcem*    tbia  improved  nor  Id  amdol  for  KL  could  than  ba  uaad 
yfewk' other  JU  -odala  bdiad  on  Utpraaiaa  iotamal  dafinitiort  and/or  fuaay 


criteria. 
k\  t,ntolllf  eat  control 

?  Bora  intailigaot  control  ia  iotaodad  to  oaan  tha  global  and  local  control  of 
}  ayaten'a  operation  to  a* it  aatibliahad  performance  oritaria.    Stotuo  Information 
free  from  a  aarlaa  of  eeoaora  (tactile,  force,  vleuel,  at  a,)  and  tha  data  it 
Wueed  and  Utarpratad  by  althar  dlacrlbutad  or  central  proaaaaora.    ThU  inter- 
:-<*2^®fitefcion  ylalda  oonnand  •ignala  to  tha  ectuecore  to  carry  out  t^e  da a I red  . 
■'STvwpfatio*.    Ona  objaatlya  la  to  mate  tha  oanipuletor  "electronically  rigid1'  in  order 
irtiafc  all  votk  Core  a  a  with  Hffaativalj  oo  deformation  and  therefore  auparior 
felon,    Anothar  objactUf  U  to  oak*  tha  am  Halactronic«Uy  aiaaalaaa"  in  ordar 
Jko  ayatatt  raaponaa  to  aoaaianda  axttaaaly  rapid  auch  that  high    Cyclic  apaads 
ba  achiavad.    A  third  objactiva  ia  to  aaka  tha  ayatam  paruatan  "a lactronicjlly 
■ ',r«di«tajatH  ao  that  ayftan  oparationt  onca  parfactad,  vould  ra^ialn  invariant^  Anothar 
^•i^^rwa latitat iva  objactiva  of  IntflUgant  eeatroL  li  anhancad  a«oo|hnoaa  of  tha 
jji^priicribad  sot  ion  In  ordar  to  raduca  thock  inducad  OiCilUtiona  In  tha  physical 
^/^a^ructura  of  tha  manipulator. 

;v.   Praaialon  uoiar  load  la  not  faMlbla  with  today 'a  Manipulator  technology,  Xn 
~'$t\f:x jikltion  to  raajt-tiawi  dynamic  modallng»  a  oov  typa  of  dialributad  control  will  bacoaa 
^^pi^aeiml  In  otfdar  to  provida  pradlaion  undor  load.    Kaatfttlally,  tha  larga  ay  a  tarn 
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ration  Li  r,«,  M«My  i-.miDUd  and  mm-Llnaar  M  raapond  to  lanaory  data  Invoking 
Ji  formation*  occurring       a  ouch  aoallar  icala.    Hanca,  *  naw  Uyar  of  control  aoCc- 
uara  and  ^ardvara,  auat  ba  davalopad  59,  ttfiat  thla  anall  iCala  function.  I 
^  Vibration  oicillationa  la  tha  principal  Uniting  factor  pravanting  lncraiaSd 

r;Uo  ipudj.    txparlanca  with  aachanlcal  ayatom  lndicataa  that  auch  oaclllationa 
ara  usually  {inicacia  fran  ahock*  In  tha  coawd  algnala*    Thla  bum  that  tha  ai»- 
,illatlc  icarc-atop  (bang-bang)  control  of  ioci  ayataaa  la. tha  worat  Roaalbia  approach. 
Canaralltad  notion  pro  groaning  aynthaaltad  ro  a  oh  an  c  a  tha  amogthnaaa  (ahocka  occur  - 
only  at  tba  hlghar  darl^vatlvaa)  la  now  balng  davalopad  baaad  00  tha  vlda  axparianca 
darlvad  from  tha  programming  of  raad  only  nanory  na  china  a  auoh  a  a  oiaj. 

Industrial  robot  a  do  not  axhlblt  parfaetly  invariant  paranatal  with  In  tha 
corplax  control  and  atructural  aubayatama.    Tha  aourca*  of  tha  paranarrla  varia- 
tion a  oay  ccoa  fron  changaa  In  aatuator  alactrtcal  raalataaca  (or  hydraulia  fluid 
tac?araturaa) ,  friction,  In  Join ta,  dixauaiooal  changaa  dua  to  tajaparatura*  fluctu- 
aeijoa,  ate.    Iopllclt  paraavatrio  variattona  nay  ajjo  ba  dua  to  inparfaot  nuaarlcal 
valuta  uaad  In  tha  data  mini  a  tic  modal.    Tba  objactivn  vould  ba  to  charaatariaa  thaaa 
paracatrld  varlatlooa  and  to  davalop  a  aalf-organixlng  adaptive  ayatam  to  conpanaata 
for  thaaa  varlatlona  with  rafaranca  tn  tha  nominal  datarmlnla tic  nodal.    Such  a 
aalf -calibration  ayataa  haa  racantly  baan  daconatratad  to  maintain  ipo  ait  tonal 
accuracy  of  an  aaaanbly  robot. 

It  la  aarpactad  that  tha  noat  advancad  laval  of  lntnlllgant  control  will  involva 
iatagratlon  of  AI  princlplM  for  parcaptlon,  faatura  axt^ktion,  tmaga  raoognltlon 
and  cognition.    Thla  advancad  robot  control  vlll  lncludo  unnannad  daolalnn  makinj, 
planning  bahavior,  Interact  ion  with  othar  robota,  and  intarfaca  with  hunan  opara- 
tora.    AX  anhancad  control  vlll  atructura  tha  notion  trajactory,  timing,  avoldanca 
of  "obataolaa",  navigation,  atratagy,  axparianca  drivan  la arcing,  and  laad  to  f> 
ton  of  anthropomorphic  Intuition.    Tba  actual  control  of  0  conplax  multi-actuator 
tyataa  can  only  ba  ochlavad  by  vol  tag  a  corsaanda  to  and  faadback  gain  adjuatmant.  of 
tha  actuatora  thaamalvaa.    Today,  limit ad  auccaaa  In  thla  final  atap  baa  baan 
achlavad.    Intalllgant  control  at  thla  laval  will  ba  tha  rasult  of  a  nargar  of  AI 
and  Bjoda^rn^ontml  thaory  lntagra^>f  tha  advanenn  for  otochnatlc  and  noo-Haaar 
rfygtaca  11  wail  aa  aalf-organlzlrig  and'laarnlng  adaptlva  tachnlquaa. 

11.    Softvara  vpdulaa 

Claarly  aoftifmrn  la  a  critical  oparatlooal  In g radiant  for  robotic  manipulator 
» !*■  iThui  far  a  faw  ladguagaa  for  ayatan  control  bava  baan  davalopad  primarily  to  anabla 
poaltlonal  programming  and  control  of  tha  ayatan.    Aa  tha  daalrad  parformanca  of 
robota  la  axpandati,  thay  will  nacaaaarlly  bacona  mora*  aanaor  baaad  and  toora  Intalll- 
gant. t  But  thla  |htalllganc#  will  Involva  an  lnctaaaad  laval  of  aoftwara.     Aa  fug- 
gaatad  for  actuator  modulaa,  tha  aoftvara  ayatan  will  ba  mora  rtpldly  davalopad  and 
dlffuaad  If  it  La  nodularis  ad.    Than,  tha  ayatan  daalgnar  will  ba  abla  to  mora  rapid- 
ly aaiaabla  a  total  aoftwara  packaga  from  parfactad  modulate  that  can  ba  aaally  da- 
buigad.or  raplacad  with  nor a  affactlva  ualta  vhan  thay  bacoma  Wallablm.  Such 
codulaa  could  ba  daalgnad  to  oparata  at  tha  hlghaat  avail  abla  aampllng  rataa  In 
hardvarn  dadicatad  to  tha  aoftwara  cndula.     SLnca  auch  nodulaa  would  ba  widaly 
uiad,  tha  aatoclatad  hatdwara  would  bacona  cuch  laai  axpanalva. 
w  % 

Aoproprlata  candldataa  for  aoftvara  rodulaa  ara  aaaoeiatid  with  «x.irt  iwnnon, 
ptt^a  novars  ind  actuator*,  and-af  fa<*tor«,  and  via  ton,     Othar  modulaa  uottld  d«a«r\d 
on  tha  taak  daconpoilt ton  of  tha  syacara.     *Tgch  taak  Uval  wotUd  Involva  aansorv  data' 
froa  balov  tntarpratad  by  tha  nodula  conbL7.ad  with  command*  from  abova  to  ganarAtV^ ' 
corrunda  to  tand  down  and  to  gattarata  a  htghar  laval  of  Information  to  pasa  up  to 
tha  aaxt  laval.    Dlaturbancaa  or  n#w  "world*  Information  could  ancar  horlxontally 
•t  aach  c«n>  laval.    At  aach  laVal  aavatal  aourcaa  of  aanaory  information  froa  balow 
vou-ld  hava  to  ba  lntagratad  whila  tha  cocsand  Jlgnal  would  hava  to  ba  paiaad  to  Cha 
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lovar  Uval.    Thua  •  generic  control  §c;ru<nure  could  be  ueed  it  "eh  laval.  The 
format*  eaapLlmg  rate,  and  quality  of  information,  would  ba  dependent  on  the  heigh* 
lo  the  hierarchical  tree.    The  total  coaputgtloo  effort  P«r  hiarerchicol  nodule 
Would  ba  kepe  aa  corteteut  at  poealbla  to  reech  optloua  reeulta, 

'  12.    Computer  Arohlte'ctuti 

The  growth  o£  tha  field    of  «lcro-eiect*onioe  la  the  prUwry  reeeon  th*t 
accalerara/l  development  In  to  bo  t  la  ay at  ana  technology  be coma a  f  eneibla.  today.  Tba 
goal  la  aim  diatrlbutlon  of  micro-electronic  hardware  modulea  throughout  Mja  eyettm 
(diatributea  Intelligence)  la  order  to  uka  tmart  eeofore,  emn*t  actuatqre,  ate* 
laoauaa  thaaa  hardware  aodulaa  era  ec«h  dadlaatad  to  a  uolqua  tgek,  tha  calcula- 
tiona  aould  ba  *ed«  aora  rapidly  in  ■pecial  high  tpaad  arithmetic  proaeeeore. 
Another  opportunity  la  tha  crede-of  f  batvaaa  computational  tpaad  and  pmoiaion  for 
°  robodo  ant  loo-    Tha  model  la  baaad  ou'CORDlC  pcrhepc  baat  known  for  Ita  una  In 
hand-halo  calculate  re.    laaioaXly,  tha  procaem  la  an  iterec/tve  procedurm  (or  funa- 
tloo  evaluation  (eucb  aa  trigonometric  functlooe)  vhara  with  aaoh  iteration,  addi- 
tional prac talon  la  obtalnad.    Hence,  tpaad  and  accuracy  ara  natural  trada—of fa  In 
thle  proceea.    In  robotia  ayateme,  proclalon  la  uaually  raqulrad  at  only  a  fav 
poalclona  to  tha-  cycle*    Tha  required  aqulpnant  would  InroLra  only*  atendaurd  firm 
vara  componente,  onUbly  bit-alien  procqpeoro  and  hlgb>apeoa  look-up  tablce  (ROMS) « 
For  oxen?** ,  tha  tl«  24  *  24  ble  Multiplier  chip  oan  ba  uaad  to  multiply  tvo  32 -pit 
floating  point  auabare  In  200  nanoecconda.    Thla  apned  la  VOQ  time  a  fAatar  than  tha 

,  faeteac  multiply  etetemmnt  executed  on  tha  BSC  FDP  11/25. 

Ona  of  tha  prlnary  problema  limititag  prcrgrcoe  towarde  real-time  oparatlon  of 
intelligent  robot*      that  aadatlog  earn*!  procaaaora.ara  poorly  eufted  to  traat 
lha  fundaayneaUy  parallel  nature  of  Inepheojomenn  of- wbotlo  manlpulacore*  for 
;(|  t     '  eanemplm,  future  ^ftm*  any  tyvolve  Many  aanaora  ganaratlng  a.  larfa  information 
A  array  all  of  roughly  aqual  eignlf  loanca  to  tha  oyetcau    Thla  raality  of  axcaaa 
aPdetn,  oil  it  tha  aam*  level,  has  baan  adaquataly  demonetrete4  for  machine  via  ion.  ' 
It  U  much  la«a  wall  underetood  with  ragard  to  %a  raal  time  oparatlon  o{  the 
dynamio  modal  of  tha  mmnlpulatov  ay  at  am.    Thnfe  ara  eix  dlatiQct  computational 
lnvele  which  muat  ba  Implemented  aarlally.    within  aach  o,f  thaaa  lav  a  La  100  to  800 
dlatinot  independent  f  una  tlona  con  ba  calculated  in  parallel.    Thla  maa  civet  func- 
tional parellellam,  ahqa/e  that  parallel*  procaaaing  la  eeeantlel  for  tha  raal  tlma 
control  of  «nf  ayatam  having  tha  gacmatrlc  comp laxity  of  a  gaoaral  robotic  mani- 
pulator.   Aa  mantlonad  for  apodal  and-af factor* poaltlon  aanalng,  an  aconomlcal 
parallml  procaaaing  archltantur^  would  rapraahnt  g  braak-through  for  tha  na*t 
lanaraclon  of  robotic  ayatam.  » 

13.    tTMffilliTi'piQO  ^fit<r^ct*  , 

Many  practltlonara  in  robotic  ijiplamaniiatioa  hava  dlacovargd  communication 
ula^matabaa  batwaan  ayatam  componanta  (prffctlly  at  tha  machine  laval) .  Uowavar, 
aa  tha  data  baa*  of  tha  factory  of  tha  futura  baoomaa  mora  addtaaaabla»  tha  naad 
for  vgfT  bithly  lntagTmt«4  oommunlco  tlona  vilV  bacoma  inparativa.    Sine  a  no  ona 
manufacturer  will  aupply  all  factory  unlta,  ataodardiaad  intarfacaa  will  bacoma 
wary  daairabla.    At  tha  othar  and  of  tha  apactnm  ara  tha  lntarfaca  naada  batvaan 
robotlo  componanta  auch  aa  aanaora,  odtuatora,  dlatrlbutad  procaaaora,  ate.  Soma 
■    *     of  tha  liauaa  ara  voltaga  lavala,  rotoa  of  aampUng,  numb  ara  of  channala,  «ulci~ 
plaxini^  AD-DA  convartar  tachnol^gy*  acaling,  aynchconiaatlon,  error  filtarlnCf 
□olaa  raductiou'and  laolatioo,  and  daro  coop  act  ion.     Obvtoualy,  both  hardware  and 
aoftvara  la«uaa  ara  Involvad.    t*ia  goal  auat  ba  to  atandardlza  aa  »any  of  thaaa 
Intarfacaa  aa  poaaibla.    Tha  Kactonjt  oaraau  of  Standarda  robotica  program  la 
purauing  thla  ob.Jactiva  aa  ona  of  *|l0lr  ^jo,  »i;Miona.    Tha  Navy  la  working  on 
vaya  to  aatabilah  accurata  iont  rawgo  oomamnleatlon  wlt^  unftacharad  vahiclaa  in 
tha  difficult  aadlun  rapraaantad  by  ocaan  aan  vatar  vhlch  coctgalna  dabria.     lo  tha 
Oak  Mdga  national  Uboratory  fual  roprocaaalng  plant  dovalnpm«nt,  tathara  wOuld 
,dr«atically  limit  aoVlllty  ot  cha  tanlneananca  and  handling  aqulpmant.  Banco, 
•pedal  f^nuancy  radio  uava  ar»tcmtf  a  to  planned  to  aoaura  cotaplata  mobUicy, 
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4*4.    Saa-^ifhlai  IfttgrffCj 

Alnoac  «ll  of  cha  dovolopvanc  work  now  b*ing  pur»uad  in  tha  U.S.  daala  with 
autoooooua  MchiMs.    ThU  approach  choc  ardficial  intalliganca  can  bo 

cr»nfjr»ad  nto  an  oparacUnal  auehina  incalliganca  capabla  of  dupU<*cing  or 
axcaadlug  cha  H4|a«ant  and  daoiaion  making  capablllcy  Of  tha  huaan  oparacor.  For 
KOpotUlvo,  and  highly  acructurad  coaka  aa  occur  in  aiaiplo  «anuf ac cur Lng  procaaaoa 
(;>ick-ano>placa,  ipoc  welding,  aprey  oolnclng,  ace.)  Chia  La  poaaipla.    for  taaka 
auah  aa  aonplex  uiMbltn,  nualaor  reeacor  aaiocaaanco,  or  ovoidanco  of  «anouvora 
of  aa  Ucalllgaoc  onarary,  cho  required  Uval  of  Intelligence  dooa  noc  oppeor  to  bo 
CaealMe  la  cho  oexc  two  dooodoa.    tho  baac  near  com  opporr  ja£cy  la  Co  uao  a 
balanco  of  buaun  and  uchlna  oapebllltiaa .    km  Cho  *achln*  caoqnoiogy  laprovoa , ' leaa 
will  ba  aakad  of  cho  huauo  aad  vara  of  cho  auftdhUo.    Thla  ■ear-machine  approach 
ollowa  cho  aoac  rapid  ponocrotlon  of  Cho  oanu f ao curing  oerkec  with  noor-cam 
cachnotogy,  allowa  o  gradual  and  natural  Cranafaranco  to  aon  aachlno-oriencad 
■  Titacxa,  aad  allowa  a  alnlouai  diaruption  of  cho  numuf accuriog  workforce. 

Tho  objaecivo-t  ia  co  dovejlflp  a  croaaparone  and  univoraol  incorfoca  bacwoon  cho 
htfl**a  oporacor  and  cho  robuclo  ■aalpulacor,     Coemande  to  tho  ■aalpulacor  from  ttyo 
huaaa  euac  bo  cade  in  cho  awat  nacurol  aumnar  (volte,  dlglcai,  or  kinoathocic)  fend 
■uac  occur  wick  o  «inlafti«  burdoa  on  cho  Oporocor.    force  feedback  la  criclcai  (Jo  cho 
full  owaraoaao  of  Cho  oporocor.     lo  ochor  worda,  cha  latarfaca  mi  a  t  bo  opeiavLiid  for 
Cha  ooaC  effeccWe  uio  hy  cho  oporacor.    Aiao,  loformocion  dorlvad  froai  '•eneof a  on 
Cha  a  lava  aeoipulacor  akiac  bo  anhenced  by  tho  incarfaca  aofcwara  In  ordor  to  «ako  it 
aa  uaoful  aa  poaaiblo  co  cho  operator.    SLaco  Cho  humaa'.a  InaclncCi  art  CO  oparaCa 
in  raol~tLu,  cbo  lamp  Hog  rata  of  tho  ayocea  ouac    excaed  30  nr.     Tha  manual 
aoocrollor  lo  effectively  ■  U*hc  weight  roboc  which  drlvea  Cho  alava  aianlpulacor 
chrough  digital  coaaoanda.    Uooca,  Chia  oyoteai  ia  eeaonciaily  cqulvaloac  CO  two 
cooperating  roboc*.    fhla  la  why  numerical  loeerfaclog  of  o  manual  concrollor  ond  a 
roboc  manipulator  la  ouch  oora  diff^culc  chaa  oporocing  aa  euconoaoui  roboc. 
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III.      CRITIfcU  fOA  ADVANCED  I0I0TIC3  TIC11W0L0CT 

Tha  following  U  *  Hating  oC  14  diatinct  critaria  that  ony  ba  mad  aa  Indicatora 
of  cbs  Uv«l  of  tha  tachnology  tvlUl^li  to  an  idvanaad  robotic  lyitam  mad  may  ba  a 
uaiful  •sabs  co  Judga  pragma  of  tha  taaSffltfogy  undat  davalapniat . 

1.    Multl-taik  ciflfbtUCT  ooanO  tha  aunbrr  df  dUtfaront  phyaical  tooka  that 
can  bo  vmttSSSd  TfTho  com  robotic  ayata*. 

2*    Laval  of  anchino  toflUgtfM  taplina  tba  Uvtl  of  Incog  melon  of  qoqh 
pucor  iurdwita,  SoUMit*,  ana  artificial  iatalligiaca  to  nika  tho 
«yat«a  AO  autnnooouo  oo  poaolblo. 

3.  Tjnn  iff  taint  opiraflon  inollao  tho  ipoad  ot  which  cho  robocla  ay it in 
parfarmo  ito  took  raJotlva  to  tho  tnamin  parfomalng  tha  t**k  alona. 

4.  faacym'torod  took;  lorol  luggiiti  cho  laval  of  nunorlcol  unaartointy 
of  tho  operation  that  lo  to  ba  porforoad  by  tha  robotic  tyatiau 

5-  qtoaa^ricol  doxtariCT  lo  an  Indicator  of  tha  notion  roo^go  tta\j»ndV 
a f factor  oon  nova  thatugh  whlla  parfonalng  phyalfcal  took*.  / 

6-  rorca^UltT  and ■PbUitT  l*pXlao  tho  lorol  of  novating  tha  total 
robotic  oyotaai  hoo  voiattvo  to  a  atatlonnry  (find  ahapldor) 
Manipulator. 

7*    rtidifoq  lo  on  Indication  of  tho  abaoluta  proelolon  of  placaaont  of 
tha  aod-oifootor  In  world  coordlaotao  In  roapooaa  to  aicpli  nunarlcol 
toaataodo. 

8.  Load  aooaolfcy  aJLaorlj  Ijapllao  tha  ability  of  o  robot  to  carry  ot 
raalatt  a  giro*  load  without  anjor  dofomatlon* 

9.  ^tltlttUTT  indicator  of  tho  falluro  rata  of  tho  total 
robotla  ayataa. 

10.    Ob  ■  Coal  a  gojjffjat  auggooto  tho  ability  of  tha  robot  to  avoid 
«     obitaalaa  in  it a  work  anvlronmoat.  . 

11*  forco  i  too  in  t  auggaoto  tha  nooauroaant  of  forooo  In  tha  oanlpulator 
ayataai  to  ba  avaluatad  by  tho  no  oh  in  a  lntalllganoa  to  judga  working 
forooo  or  to  oonpanoata  for  Maoopulator  daflaotlona. 

12«    Stoothataa  of  opiratlqa  laollaa  tha  lack  of  backlaah  or  vary  larga 
doformatlono  In  tha  oanlpulator  ayatan* 

13*    Qpo rational  anvolopo  glvoa  an  indication  of  tha  working  ranga 

available  by  tho  robot  Without  ooviog  ito  ahouldar. 

«o 

14*    VltlOO  QorraapOoda  to  efcape  racognltlon  althar  by  analog  fondback. 

to  tha  hunan  operator  or  by  digicialng  tha  aoana  and  providing  numerical 
•hape  racognltlon* 

0 
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TAIW  3|  -  MTUiAtl  Of  10N0  TRIM  IHP01TAHCR  OF  ROIOTIO  CHARACTtfUBTIM  »0R  VARIOUS, APPLICATIONS 


liuorfcrtiiao  of  Robo- 
til  Charaatartatlo 
foe  Varioua 


Robot tO  • 
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Capability  (2) 


6,3 


I.    Laval  of  >U- 
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ll|anaa  (^H|7«l 

alant  Op.    <•)  5. A 

A,  UttatruoturOtl 
Talk  Laval  (7) 


"    J.  OooMiCfla 

m»Ntt»rUy  (iOV 

6.  Portability 

4  Mobility  (A) 

7i    Praataton  O) 

£  ait*  (") 

9,    MUaMllty  O) 

10.    OuataoU  AVoi 
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#11.  Mt, 
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all  Appli- 

•  Iaduatrlel 

Inargy 



MUiU* 

Oporotiont 

lltwwn  Ati|»ontatlon 

,.  tarMiftff. 

1,    HultipU  Task 
Capability 

.  6.5 

4.9 

4.5 

6.3 

a.    Uvtl  of  Maohlna 
Irttalll|tnao 

7«I 

.  7.6 

5,1 

7.6 

5.2 

5.    Tina  IfficUnt 
uptrtcion 

n  A 

A  4 

SO  » 

<J  *  u 

4.  Uaitruatuttd 

T*ak  1  Aval 

3.2 

3.4 

5.4 

6.0 

6.0 

5.  Oao*auia 
Daxtarity 

.4*1 

4.1 

5.6 

5.5 

4.6 

^TXrariaOUity  aaiI 
%Hobllity 

4.1 

5.6 

6.1 

7.0 

'  J.4 

7*  Proamnion 

5.5  , 

■' 

5.3 

4.4 

ft.  tonJ 

Capaalty 

4.7 

5.6  * 

5.6 

5.5 

5.1 

9.  Reliability 

6.5 

5.4 

6.4 

6.6 

6.6 

10,  Obitaala 
Avoidanca 

5.1 

6.0 

M 

6.0 

5.2 

11 ,  Foraa 

lonainQ 

.4.1 

4.5 

4.5 

4.6 

U9   laoothntu  of 
Operation 

5.1 

l.Q 

5.0 

5.0 

4.6 

13«  Operational 
tnvolopo 

14,  Vliton 

5.1 
5*0 

5.0 

1.4 
34 

5.5 
3.0 

5.1 

3.2 
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u.,er.nk  eh.  u..c  by  »or.  th.n  .  ticCor  o(  4.    Thi  r„gi  u  u«"r 

£  TnM  C°  "  "  ch«  .Ulaiftcnc  prop.rti..  of  robotic  .y.t.D. 

for  aach  application  group.    Cana*aaiv  .™u..m„b 


AJJ.  Group 
Applications 


Industrial 
Automation 


Enargy 
Sya^ama 


Military 
Oparationa 


Hunan 

Augnantatlon 
*  Agrlcultura 


Conooant 

Laval  0f  oacMna  intalliganaa 
Muf  tipja  tmaJc  capability 

Mobility  and  portability 
Fracialon 

Tlaa  afflclaoc  oparation 
Praclalott 

Uval  of  nachina  lnCalligasOca 
Via Ion 

TorOa  a analog 
SaoothoMa  of  oparation 
Obacaala  avoldanca 

IftiltlpU  taak  capability 
Portability  and  aobility 
l*iiablUt7 

Uvii  of  -china  inCalllg,nc. 
to«d  capacity 
Caoaatria  d*xCar*cy 
Unatructurad  taak  laval 
Ti*a  aff iciant  ppar*t,ioo 
Praclalon 

LavtX  af  tuchina  lntalli2inC. 
Portability  and  mobility 
Reliability  „ 
Tim*  affici.oc  operation 
Mulctpla  taak  capability 
ObaCada  avoldanca 
trnacructurad  ta.k  i«val 

Portability  .nd  mobility  " 
Pliability 

Multipia  taak  capability 
Unscructurad  cask  laval 
VUion 

Obatacla  avoldanca 
Lav<0f  toachin.  lntallig.nc. 


Lavad  of  * 
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10.0 
9.3 
8.3 
7.3 

r.3 

7.3 

10.0 
8.5 
8.0 
7.2 
0.0 
'7.0 
7.0 
6.5 
6.3 

10.0 
6.9 
8.7 
7.9 
7.9 

K 

10. 0 
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on.  of  eh.  prln.lp.1  ri.pon.UUUl..  of  .  r...«ch  U  "  dw.l9p  th. 

t.chaXu.r:at.ri.Pn.c..U  t.  -...«*.  th.  X^/^A*"S. 

cri-mtim  *rm  atv  and  r.l.tiv.ly  unknown  In  chair  ovar.n.  wf»"ihv 

0^10"    Th.  following  14  factor,  .hould  prov.  .d.qu.t.  Co  d.fln.  .nd 
,    avaiuttt  ■  Itatric  robotlca  technology. 

W    Hulcj-Taak  Capability  <  ■  "# 

m  op.r.tloo.l  t..k  .p.otrtm  of  «*.t  indu.trl.l  robot.  1.  ..v.r.iy 

So*  IS!  iCm  t"  •  -i"iU  fuo.tl«  -uch  ..  pUk~.ad-pl.co     OCh.r.  c.a  P«|"» 

I^mUl  ^  vt^.  or  pr.-progr.o~d  pointing     Th.  °C  ChU 
typa >l«  p.rfor*  .pproxlaUt.ly  20  di.CiOct  op.r.tionoi  funoclona, 

th.  coo«.?t  of  oulcl-C.k  c.p.bliity  «*.n.  ch.c  .  wld.  rang,  of  J^"^^ 
c.aki  can  b.  p.rfo».d  by  eh.  —  robotic  .y.C*.    ThU  conc.pt  can  b.  llluetr.ced 
b!  iJ. ^-»U  of  rW»  1-o.r.tor  ..loc.n.nc.  vh.r.  th.  .  mlM  »*/ 

rLulr.  uTto  23  ..qu.otl.l  .ub-t«ko  .11  r.pr.a.nting  dl.tldct  op.r.tion.l 
r..ulrl..ne..    Th.  .C.a-  *.n.r.tar  pr...nCiy  r.quir..  IS  C.k.  «iCh  «  plugging, 
.lU.  Th.  nu«l..r  .c—  ■7«M  of  FWV.  r.pr.a.nc.  10 

\     cospoa.ot  tOek*  such  u  ehi  at.aai  gOn.r.tor,  puwpa,  v.Wai,  .to.    Tb.  combined 

«;Iri!uy  of  .y.co  ck.,  ecmpoooot  t..k.,  .ad  aub-c.k.  1.  th.  pri-.cy  r...oa  why 

•  i.n.rlc  technology  I  adol  *r  •  -uUl-purpo..  robotic  .yeCOtt.op.r.ting 

within  an  unetm«tur.d  •avirona.oc.    Should  th.  un.Cructur.d  n.tur.  of  th.  t.ik  b. 
•rtlcul.t.d  by  unkoowo  or  unirT^nilj  fore,  th.  o.id  for  gan.rlo  technology  b.como. 
ev.O  not.  ftrltlael. 

2.    ^.VgX  of  JUohlno  lofiUl.QQ. 

*&•  prleury  objeocWe  of  oochUo  InCoUigeace  It  to  produc.  *  qu.licy  of  notion 
Ot  Unit  oouW.l.OC  Bd  Ch.  Homo  acting  .lone.    To  eccocpUeh  this  level  of 
porfoto-aco  requUe.  •  Uvel  of  eeaaiblllcy  to  th.  oporetioaol  enVlroneient  and 
eupportlog  IntelUgedae  elaUlar  Co  th.  eeneing  Oad  rOfle*  .cclon  (distributed 
lac.lllg.nc.)  In  th.  huoen  eren    lloce  no  robotic  iy.tws  Cod.y  wchlblti  .o^ 

•  linlflsjuit  liV.l  of  lnt.lllg.oc.>  .ff.CtU.  loc.gr.cloa  of  ».chln.  Intililg.nc. 
.  vould  provldo  ■  C.l  opportuolty  for  ^■p<oVod  p.r«ormAc«.     SlojfL  of f  "Uo.  pr*- 

programing  U  io.ttfflol.nC  to  Cr..c  Ch.  un.trtictur.d  t.ik  ip.cer\«  d.tcrlb.d  La 
itia  4  b.lov,    X  Oft«hlo«tlott  of  huiun  lot.lllg.nc*  and  machln.  Int.ltU.ac.  In  • 
baUac.  b.»t  .ulUd  to  p.rforw  *  giv«n  r.ng.  of  t.aVu  la  r.cown.nd.d  for  th. 
p.rfortunc.  of  oil  buC  th.  atmpl.tt  atmotur.d  taaka. 

|T    Tizm  tjtiixi»T\t  Op.ratlon  *' 

In  «ony  robotU  function.,  th.  Cluo  r.qulc.d  Co  ptrforp  a  fcHv.n  ea.k  «ay  h.v. 
al|nlflo.ot  .eonoail.  Up.ct  or  l^  a./  ba  crucial  to  thf  ov.rall  .f faetlvftiitM  od  th^ 
talX  balng  ^irCorttada  l; 

For  ouclaar  raaetor  aalotan.nca,  th.  avail«biUcy  of  ch.  raactor  for  pov.r 
praductioo  i*  «  najor  aconotalc  t«au..     In  nlUtac/  op«racion*k  tta.  nay  b.  aaaanttjl 
in  ra»?oo«a  to  .  lucpcli.  attack  or  a  rapid  change  In  tactical  pl4H«.    th.  ^aaar^'.jl 
r*<;uiraofcnc  it  thac  ch.  roboclc  tyata«  ba  at  l.a«c  aan-aqu ivalant  In  thia  r.g.cd. 
ta  nuclaar  r.accor  oo.intananca,  th.  go.l    ahould  b.  co  raduca  caak  tin.i  by  50". 
which  vould  h.v.  hundrads  of  ajillioha  of  dollar!  par  yaar  b.nafit.    Th.  peasant 
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Uji;  duty  hoc-call  mtir/ilivi  tyitaaa  axhlbit  task  porformanca  tight  data  alouar 
tri*^  cha  huaaa  acting  alona.    Howavtr,  if  cha  human  operator  ia  ramovad  cooplacaLy 
fmoa  cha  ha*ardoua  anvlronmant,  othar  banaflta  accrua  ainca  tha  anv  ironman't  can  ba 
tai^riy  sinpUfiad  (radu^ad  coat)  or  mora  rapid  itart-up  can  ba  achlavad.    For  thia 
raatoa,  an  inpcovaaant    of  two  or  thraa  timaa  in  diracc  taak  cima  parformmnca  (ovar 
tha  ?ratant  tachnology)  by  ch*  robotic  ayitam  uay  wall  prova  aufflciant  to  achiava 
ovarall  task  timaa  ona-half  of  thoaa  for  tha  human  acting  alona* 

Unatruccurad  Taaka  Laval 

Kara  cha  conaapt  of  an  unatructurad  caak  maaoa  chat  Cha  oparational  aavlVoruaaot 
ia  not  quantitativaly  known  Co  Cha  operator,  to^tha  aUchiaa  iataLUgaoca,  or  Co  cha 
daCa  baaa,    Man/  tyacama  auah  aa  oualaar  raaacora  ara  documantad  aa  daalgaad  not  Maa 
built'*  and  thay  fraquantly  ara  not  providad  with  any  rafaranca  baochmarka.^  Thia 
naaot  that  aaaaiog  faadback  (both  forca  and  viaual)  ia  aaaantlal  to  tha  porformanca 
of  uaatruccucad  taaka.    Machioa  lota  III ganca  anhaacaa  thia  paraaptloo  and  nxkaa 
ayscan  parfonaaaca  mora  accurata  and  rapid*    GanacaUy.  moat  axiatlog  ayataaa  fOr 
ranoca  oparatlooa  provida  a  modaat  capability  to  traat  tha  lack  of  daflnltlon 
rapraaantad  by  tha  unatructurad  Caak. 

Gaocatrical  OaXtaricy 

Caomatrical  daxtarity  ia  ma  ant  hara  to  daoota  and  aff actor  motion  of  graat 
gaaorflity  in  apana.    Tha  human  hand  auvaa  vith  a  firat  Uaval  of  daxtarity  augmaotad 
by  tha  additional  6  OOF  auppiiad  07  tha  human  ahouldar.  '  Oalng  a  fixad  ahouidar 
would  dramatically  limit  tha  human  arm'a  doxCarlty.    Tha  ability  to  analyaa  asm 
gaonacry  la  now  wall  aacabltthod.    To  dnaign'  for  a  raquirad  laval  of  daxtarity  haa 
baaa  ahowu  to  ba  faaaibla  and  prograan  lj  baring  mada*  Ona  of  Cha  baat  waya  to 
Ucraaaa  daxtarity  ia  to  add  2  DOF  to  oak*  an  3  OOF  am*    That  a  extra  (radundant) 
OOF  aakaa  obataala  avoidxnea  much  mora  liltaly,    Itafortunatoly,  thaaa  radundant 
DOF    maka  tha  control  of  auah  an  arm  wry  difficult,    k  aolution  to  tha  daxtarity 
daaljo  probloai  ta  raquirad  in  ordar  Co  provida  cha  daalgoar  an  aaaantlal  tool  to 
•alacc  cha  baat  poaalbla  manipulator  gaomatry. 


.Portability  and  Mobility 

Portability  of  tha  robotic  ayataa  lajplina  that  It  can  ba  brokan  down  into 
■odula*  which  can  ba  s#rrlaMco  cha  work  placa  by  a  human  oparacor  and  quickly 
aatixbiad.    Tha  auggaatad  VolgttC  llnic,  par  modula  U  .33  Iba.    Such  a  wmighc 
rMtrictlon  craacaa  an  uouaual'daaand  to  daaigu  light  waight  actuators  and  co  usa 
•pacial  light  waight  nacarlaia  (conpoaltaa  nr  carbon  fibar). 

Mobility  impllaa  that  cha  ayataa  could  =ova  ovar  (or  travaraa)  on  obatacla 
attawo  araa.    To  daca,  no  auch  ayataa  axista  in  cha  ganaral  aanaa.     Spacial  traekad 
vahiclaa.  track  followara,  and  whaalad  vahlelaa  ara  uaad  to  travaraa  raiatiaBly 

•■ooth  turCacai  (or  fixad  tracka)  with  mlniaaT  obstaclaa .    Unforcunataly.   for  many 
•ppUcationa,  thaaa  spacial  condition*  do  not  axiat.    Mobility  would  hava  apacial 
•  liniacinca  :0  turvalllanca  and  co  dadica'ad  autonomous  unita  for  military 
apolicaeiona,  accidant  atsaiont,  anda**im  floor  activity.     During  :h«  pa«c  :0 
ytari,  significant  laboratory  work -iff*  baan  on-going  on  tha  genaric  concapt  o* 
walking  nachina*  (or  nob-ility  purposa*. 
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0.05  Mich  tod  uaay  L«.  accur.t..  /^'.^^'XAf,   fin.  portioning  to 

n.chUxog  op.r.tlon.  r.quir.  .  pr.ci.ton  of  0 r..ctor  ..int.n.oC, 

cha  «..d,  «ith  rl«d  to  pr.ci.um,  L.  .qu v. |«e  ^  ^  '..oiution 

«.c,iat  .hop.    thl.  l-v.l  of  pr.ci.loo  put.  «  "™J"Uy  ""^El  .ncbd.r.  .nd  ^ 
r.-ulrawat  oa  th-  .ctu.tor.  and  tKiir  control  .yataa.    Tb.  Co«J°^ 
ri^icwMc  «u  .....  „«  in  AAcondi  of  .ngul.r  roft.tioo.  Ho.t 

actuator,  mitt  ba  c.pabl.  of  tt.pt  of  10  J*60""  «      »      v      ld|-a  high  load 
.ccu.cor.  fit  far  .hort  of  thl.,  «t«L'"y  '  f  *V  '"'^f         at«Uult  condition  * 
capacity,    ta  addition  to  th...  pr.cl.lon  r.qulrai.ot.,  th.  nor.  a***  .elon-i 
U?to  jilowto  pr.ci.loo  whll.  th.  wolpul-tor  "P"*-™"  factor  of 

l.'S-o.  for  ..t.rnl  load,  to  dj.r.d.  th.  unlo.d.d J^^yJ^t^ 
t.B.    I*.  r.«d.r  e»  prov.  thl.  rwlity  to  jSSSoi-  of  1/4  loch 

lndu.trl*l  robot*.    It  i-  not  uncommon  to  —Uy  o.cm.cxoo. 
to  r^jnitud*.  \ 

S.    Lo.d  Capacity, 

Th.  lo.d  capacity  of  th.  t»  1.  prtMVllf  d.p.od.ot  oq  th.  .U.  of  th.  .cm', 
actuator..    C4o.r.lly,  .bout  90X  of  th.  itm'i  d.fom.tloa  occur,  .t  th.  ' 
1        S    lit  daty  .r.  d..ift».d  to  carry  10  lb..    lof r.qu.ntly,  arm.  .r.  d..lgn.d 

lo  "rrfSo  ill  Zl  th.y  .r.  b.-vy,  l0pr.cl..,'.luggi.h,  -nd  c.rfioly  not 
oo-t.bl..    A.  load  c.p.clty  of  200  Lb.,  i.  ric<windid  for  act.*.  gau«r,ator 
«Ut.o!oc.  U  oucl.ar  r.«tor..    In  •lcro-.urg.ry.  load  c.p.city  «.y  b.  ....ur.d  in 
A  So.  of  th.  ba.t  vay.  to  laprov.  io.d  c.p.city  I.  to  pL.e.  th.  actuator.  In 

«Ll.?  ™ £  ■  «  *.S  th.y  cL  b.  c.rrl.d  by  th.  b...  and  not  by  th.  ar»  .. 
rt£         pr...otly  for  ..rl.i. -wlpuUtor. .    Anoth.r  u..Ml  .Mart  i-  to  M.k  *n 
optLa.L  dl.crlbutlnn  of  .ctu.tor  •!«■•  la  .  givao  «rm  g.oai.try. 

9.  R.lUblllty  . 

ka4u.trUl  robot.,  tod.y,  h.v.  ..c.bll.h.d  .  v.ry  high  op.r.clng  availability 
of  .ptoroxU.t.lr  981.  ,  Th...  uoic.  .r.v«rk.t.d  only  .ft.r  prolong.d  t..tlng  .nd 

4      t.dlalo.    ttoo.th.1....  lo  oth.r  uolqu.  .ppllc.tlon. ,  thl.  ,.Kt.n.iv.  hUtory  U  nop.,  . 

4      .v.lliS?.  eo  .o.ur.  high  r..U.bllity     Thl.  p^p.rey  1.  "P"1^^  lil 
.uch  L.r.tloo.  ..  nucl..r  r.aetor  i^ot.a.uc. ,    f.llur.  would  Ma  difficult 
r.trl.v.l  .ad  «  .xt.od.d  down  tUn  (.t  gr..t  co.t)  of  th.  pow.r  pl.nt.    H.r.,  th. 
lo.l  U  f.iLur.  Iri'Uof  20  fi.ld  op«r.tlo».  C.ch  U.tlag  2  to  5  d.y.).    F.llur.  i. 
Il.o  uo.ccpt.bl.  v4r.  hu».n  lift  U  In^oW.d  ..  lo  .ccld.nt  «i..loo.,  mlllc.ry 
-     op.r.tlon.  or  oc..n  floor  .ctUlty.     Pr.dlct.bly    th.  .l-pl.r  «y-t.«.  lo«.r 
Inc.lUg.nc.  trill  b.  .ub.t.nti.lly  .art  r.U.bl^^  «.nc«,  It  c.n  b.  r.co«*.nd«4  th*R 
for  .oAtat.gr.t.d-.y.t.i.  with  .U  t.choologl<|.  I«pl4m.rtl^  num.rou. 
d.-on.?r.tlon.  will  b.  nac.^ry  to  p.rf.cc  th.  .y.cm  in  oVd.r       raak.  It 
■u'f f Ui.atly  r.li.bla.  * 

10.  Obic.gt.  Avoid^cc. 

"any  unstructur.d  task*  au*c  b.^p.Yform.d  within  a  v6lua.  containing  knO'-zn , 
uaWnovn,  or  ^ovinj  ob.tjcl...     Today',  working  in  .n  obstacl.  str.vn  .nvtcaonwnt  v* 
°       r'.r.ly  con»id«T«d  In  auconacion  op. ration,  on  th.  factory  floor.     Almo.t  no  .xiicirg 
ribot  h.a  .  lijoificanc  Uv.l  of  ob.tacl.  avoidanc.  capability  although  tho«.  which 
aothropo»oc?hic  .r.  oor.  abl#  to.  avoid  obit*cUi.     In  th.  ca**  of  at. am 
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geoaraior  oaiatanance ,  accete  it  difficult.    In  nudiir  reactor  eyetems,,  tha  % 
aausananca  operation  for  piping  and.  valval  La  hssvlly  obstructed  by  obcceclce.  Tha 
baat  way  to  achieve  increased  avoidance  capability  La  Co  increase  the  geocrellcy  oi 
the  arm's  geometry.    Beyond  thie,  inereeeittg  the  DOF  Co  8  vLU  prove  very 
beneficial.    Unfortunately,  both  of  these  stepe  neks  the  deeign  and  control  problems 
cu*;h  sore  difficult.    Having  the  Ucreaeed  generality  nekf e  inerjaaaed  nachina 
intelligence  eeeenclal  to  benefit  from  proximity  eansore^on  the  am.  ^ 

PorceBenaint  ■* 
 ^  *  . 

rorea  aanting  La  Che  *oat"baelc  sensing  parameter  neceeeary  for  feedbeak  Co  the 
operator  or  to  tha  machine*  intelligence  of  ■  robot  operating  la  an  unatrucCured  teek 
regine.    Other  eeneore  era  tan tile  eenaore  In,  the  fingers  of  Che  snd-ef factor , 
torque  eenaora  at  the  actuator  a,  ate.    An  accurate  level  of  Saftslog  ahould  ' 
draaatically  improve  Che  ayetem's  operation  making  it  possible  Co  perioral  tuch 
functions       hammering  which  are  aeeencielly  impoealbte  today.    AaaambLy  operation! 
are  knovn  ■  to  be  eignif icantly  faater  and  note  reliable  with  force  eeneing  in  the 
eystea.    lose  eervo  aieeter/elevee  exhibit  e  raaaonabla  level  of  force  eeneing  today. 
Unfortunately,  the  master/slave  ayateai  can  not  eeeily  be  geoereilaed  end  doee  not 
lend  itaaLf  eeeily  to  Che  integration  of  naahlne  intelligence. 

gaoothpeia  of  Operation  , 

Snoochoeaa  of  operation  of  the  system  impllea  that  no  unsxpected  or 
unpredictable  phenomena  disturb  ens  human  operator  or  the  machine  intelligence  in 
the  performance  of  tha  operation  task,   thess  disturbing  pheoomene  arc  becklssh  and 
Largs  ayateai  deformations.    Prcaene  light  duty  arms  svoid  bsoklsah  but  they  exhibit 
very  higrh  deforaution  wider  load.    Present  heevy  duty  cms  nay  allow  aa  much  aa  1/4 
inch  backlash  at  the  end-efftctor.    Advanced  ay  a  tan  design  muet  avoid  these 
plefelle*  , 

Operational  Envelops 

Tha  reach  of  ths  am  directly  offsets  ths  aiae  of  the  operational  anvelops  or 
field  of  movement  of  ths  manipulator  am.     Smell  arms  tot  3  fc.  reach)  tend  not*  to 
bs  able  to  duplicets  ths  seels  of  human  motions,    Many^  maintenance  taake  for  nuclear 
reactor  e  and  gome  mil  leery  applications  require  arms  oTfJ  6  ft.  in  Isng'thV    Uhfar^    ■  * 
tuastely,  che  itilfnsss  Of  thesf  ami  ie  invsrssly  proportional  to  ehs  cubs  of  Ua 
length;  i.e.,  it  becomes  eonpllfnt  very  rsptdly.    But  ths  rsach  concept  of  the  attn 
la  such*  more  involved  than  it  firet  appears >    To  be  able  to  approach  an  extreme 
poeition  end  remain  dsxtmtoys  U  usually  not  poeelble,    As . one  approachse  the  limits 
of  ths  operational  to  Lome,  dexefcricy  dstsf ioracss  rapidly.    Hslntsnsncs  taake  auch 
na  ataam  generator  alaeving  re<jufre  high  dsjWrity  throughout  chs  vork  volume. 

Vision  f  V- 

Ths  fencing  iriformetioq  by  analog  or  computational  viaton  ia  known  to  be  en 
esssntiel  ingredient  In  ths  operation  0f  robotic  tyateme  in  unstructured  task 
rejiaea.     This  informetton  may  go  diractly  to  the  human  operator  or  to  tha  nachine 
incilUganca,  or  to  both.     Recent  progfete  in  analog  viaion  has  been  ilu*zish   a~d  *V 
breakthroughs  are  expected.    Analog  vision  displayed  for  the  hucun  operator  «n«a\ica," 
by  Dichmi  intelligence  ie  an  untappad  opportunity,    furthermore,  the  ute  of  dial-, 
vision  or  grephica  could  be  valuabla  in  training  ayacema  for  tha  location. of 
obttaclsa  and  other  feeturss.    Viaion  technology  Qan  be  enhanced  by  better 
integration  of  automatic  caaere  control  and  foveal  vision. 
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~  M»^  VValoren.  ThanflLyou  vepjKtnuch.  Wjb  appreciate  that,  Dr. 
.Teiar.  I  suppose  it  is  not  rfn  uncommon  comment  that  on  the  con- 
gressional level  things  are  relatively  poorly  defined,  so  that  is  prob- 
-ahfy  not  an  unusual  state  of  affairs.  We  appreciate  your  testimony, 
aitfl  particularly  ^he  detail.  Iii  view  of  the  significance  of  the  pres- 
entation, I  didn't  want  to  limit  it  in  time  but  I  will  restrain  myself 
in  questions  because  we  have  gone  that  long. 

>  'Bufrlet  me  recognize  my  colleagues  on  the  .committee  for  points 
they  would  like  to  raia$.  The  gentlemen  frorti  New  York,  Mr.  Lun- 
dine.  %  '  .{} 

Mr.  Lundine.  Thartk  youL  Mr.  Chairman.  ^ 
The  first  question  that  rhave  is,;do  we  have  those  charts?  I  feer 
U^e  an  old  sponge.  There  has  been  a  whole  lot  of  material  thefe, 
tfod  Pm  not  sure  how  much  I  have  absorbed  Are  they  in  here? 

Dr.  TEtfAR.  Yes,  sir,  in  about  the  middle  of  the  testimony  that  is 
Written.  ■  * 

•  ■  *  Mr.  Lundine.  All  of  them  that  you  used? 

Drf  Tesar.  Well,  not  all  of  it  but  a  gooc^  share  of  important 
charts  are  included.  ^ 

Mr.  Lundine.  I  saw  that  some  charts,  were  here  but  they  didn't 
seem  to  be  the  same  ones  that  you  vyere  using  in  your  presentation. 
Dr.  Tesar.  I  see.  * 

*  M^.  Lundine.  Mr.  Chaini^^  if  there  is  any  Way  that  our  staff 
can  subsequently  get  us  ■ 

Mr.  Waloren.  Perhaps  you  could  revifew  your  video  slides  and 
correlate  it  with  your,  testimony.  If  there  is  (Something  that  you 
.  don't  have  in  the  testimony,  we  would  appreciate  having  it  for  in- 
clusion in  the  record.   *  *' 

Dr.  TE8AR.  Yes,  sit. 

Mr.  Lundine.  Thanffl^i  very  much,  because  they  were  really 
'excellent  and  \  could  bardB .grasp — - 
Dr.  Tesar.  I  appreciate  triat. 

Mr.  Lundine.  Dr.  Tesar,  the  most  common  criticism  of  all  of 
ttiesfe  bills  is  that  surely  no  bureaucrat. can  pick  successful  technol- 
ogy, only  the  marketplace  can  do  60.  What  would  be  your  com- 
ment? ** 

Dr.  Tesar.  There's  all  kyids  of  marketplaces.  One  is  the  human 
capital  marketplace,  and  the  universitiep*are  |i  wonderful  environ^ 
mept  for  the  human  capital  marketpla<Je,  io*Jlf  you  put  these  cen- 
ters near  the  universities  where  there/is  jftOtual  benefit,,  and  neg(h 
tiate  an  interaction  between  them— the  customer  whichus  industry 
and  the  producer  which  is  the  university— you  have  enhanced  that 
market  definition,  not  diminished  it.  I 

Mr.  Lundine.  You  mentioned  that,  the  anuount  in  one  of  the 
bills— $H  million  for  a  center- and  having  10  centers  around  the 
United  States—was  inadequate.  Wftuldn't  vou  consider  the  possibil- 

*  ity  fltat  indusCry  and  th6  university  itself,  other  private  investor 
„     sources,  might  provide  additional  Ending?  *  * 

\  Dr.  Te»ar.  YeB»  *ir.  I  think  that's  completely  feasible  and  witfc  a 
certain  amount  of  base  funding,  awsuggested  iii  these  bills,  that  s 
very  likely.  AVp  have,  for  example,  one  of  the  ne^  testimonies  is 
fnftn  Carnegie-Mellon,  and  they  have  been  very  sQcceteftil  in  t^is 
regard. 
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On  the  (ithor  tfjind,  the  norm  in  percent  in  the  United  States, 
direct  support  IVoni  industry  to  the  universities,  and  that  is  ju&t 
not  sufficient  to  have  mutual  benefit,  negotiated  interactions,  and 
subcontracts. 

Mr.  Lunmnk.  So  even  considering  the  possibility  of  the  private 
sector  contributing  or  even  contracting  for  some  research,  you  feel 
that  the  $H  million  is  inadequate. 

Dr.  Tksar.  If  you  restrict  yourself  to  the  field  of  robotics  and  the 
use  of  robotics  lor;ji^nufaeturirig,  I  am  not  overly  concerned  about 
the  number.  I  think  lfs  in  the  ball  park.  I  am  very  concerned,  how- 
ever, about  the  much  broader  scale  view  of  manufacturing  in  the 
bill  H.R.  4415  and  the  magnitude  of  that  is  not 'sufficient  relative 
to  what  we  mean  by  "manufacturing." 

Mr.  Lundink.  Then  by  no  means  were  you  suggesting  that  robot- 
ics is  the  only  area  to  concentrate  on.  For  example,  aren't  there  ad- 
vanced development^Jji  metalturgy  that  could  completely  change 
the  composition  of  materials  that  we  might  be  using  in  manufaf??'* 
turing? 

Dr.  Tksar.  Certainty.  It's  a  very  valid  point.  May  I  mention  that 
40  percent  of  all  the  basic  research  in  the  United  States  is  spent  in 
materials  research  in  engineering,  so  there  is  a  tremendous  com-, 
mitment  to  materials  already  in  the  United  States.  However,  to 
manufacture  those  materials^and  transform  them,  as  the  Japanese 
do,  for  valine  added  into  a  market  product  thtfWan  be  sold,  where 
precision  and  quality  and  response  to  the  market  vand  reduced  in- 
ventories are  the  issues,  we  don't  have  very  much  funding  in  the 
United  States. 

Mr.  Lundink.  Thank  you  very  much,  Mr.  Chairman. 

Mr.  Waia.rkn.  Thank  you,  Mr.,LuncJine.  ► 

Mr.  MacKay?  ■• 

Mr.  MacKay.  Good  to  see  you  here. 

Dr.  Tksar.  Thank  you. 

Mr.  MacKay.  You  fyave  made  a  ntimber  of  points,  and  I  would 
like  tdKsBern  in  on  the  point  where  you  talk  about  national  policy  for 
manufacturing.  I  fmd  it  on  page  16. 

Dr.  Tksar.  Yes,  sir. 

Mr.  MacKay.  You  say  during  the  last  decade  the  United  States 
has  lost  to  50  percent  of  its  take-home  pay  per  worker  relative 
to  other  developed  societies  such  as  Japan  and  Northern  Europe, 
and  you  suy  since  our  markets  are  open  to  all  competition,  some  of 
it/runfnir,  our  only  protection  is  to  run,  fqster  than  our  competition, 
and  you  think^we  need  to  have  a  nationaNpoliey.  Now  that  is  one 
of  the  fundtifh%tal  controversies  up  here.  \ 
*Dr.  Tksar.  That's  right 

Mr.  Mac'Kay.  TJiere  is  a  great  hesitation  to  get  into  a  situation 
where  Government  is  trying  to  do  the  planning.  I  would  like  your 
comment*  onvthat.  Do  we  have  a  national  policy  now?  Also,  the 
next"  section,  the  relative^  role  of  high-tech  and  low-tech;  what 
.shouJd'we  be  doing  in  the  manufacturing  area  that  we're  not 
doing?  What  should  We  be  doing  to. support  th*j  steel  industry  and 
ourJtotoie  industries?  r  4 

DW  Jkhar.  Fair  enough.  Well,  first  of  oJl/T  do  belies  and  sin- 
cerely That  the  United  States  ift  losing  its  ability  to  compete  in 
manufacturing  whifch  is  the'primary^usinesq  of  creating  wealth.  If 
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vou^ook  over  the  Inn!  decade4,  you  will  see1  a  Iohh  of  HO  to  50  percent 
ftp  your  relative  take  home  pay  per  worker  in  the  United  States, 
arty!  we  have  a  very  heterogeneous  society.  We  have  to  be  much 
mftre  knowledgeable  about  our  manufacturing  base  than  we  have 
beeh^in  the  past,  and  the  only  way  you  can  be  long-term  knowl- 
edgeable and  eomrtiit  yourself  to  human  capital  is  to  have  distrib- 
uted/interactive discussions  among  the  market  drivers— which  are 
your  industrial  customer — iiflcj  the  university  that  produces  the 
long  lead-time  research,  lets  say,  and  also  the  human  capital.  So 
my  reaction  to  the  dilemma  that  we  face  is  that  we  ought  to  get 
started  somewhere  -rightr —and  the  universities,  it  se^ms  to  me, 
are  the  best  neutral  grtfund.  We  have  2f>0  engineering  schools 
around  the  United  States,  and  lets  say  50  of  these  became  actively 
involved  in  thif  question.  The  distributive  question  would  take  care 
of  itself  to  a  gteat  extent  and  the  centralized  planning  would  be 
much  less  visible. 

We  need,  however,  initiative  to  get  something  like  this  started,  to 
get  visibility  and  get  excitement,  enthusiasm,  ftnd~I  don't  .see 
enough  initiative  at  the  Federal  letfel  to  match  that  initiative  you 
might  see,  let's  say,  i rY  Japan,  Sweden,  Germany,  France,  and 
also    if  1  might  §ay  so— in  Russia. 

Mr.  MacKay  So  what  you  are  saying  is,  there  is  a  way  to  better 
focus  without  having  government  planning  per  se. 

Dr.  Tksau.  That's  my  perception,  yes. 

Mr.  MacKay.  To  put  into  place  a  process  so  that  the  people  who 
are  out  in  the  trenches,  which  is  our  industry  groups,  would  be 
more  interactive  with  the  people  who  are.  back  taking  a  longer 
term  view.  Is  that  right? 

Dr.  Tkhar.  flxactly,  and  if  we  can  getthat  started,  you  then  build 
up  the  advocacy  in  response  to  the  mtWket  pressures  from  the  cus- 
tomer, and  advocacy  is  orje  of  the  best  things  that  you  can  have,  if 
it  is  distributed,  to  affect  nafiorifcl  policy.  I  am  suggesting  that  if 
you  have  only  (i  percent  of  your  Nation's  scientific  manpower  asso- 
ciated with  manufacturing  in  the  civil'  sector,  yrtu  don't  have 
enough  advocacy  to  change  the  base  of  decisionmaking. 

Mr.  MacKay.  You  at  one  time  had  a  fet  of  charts— Tike  you,  I  am 
fascinated  by  the  charts— that  showed  or  seemed  to  show  ^correla- 
tion between  where  we  had  put  tremendous  amounts  of  Federal 
R&I)  money   * 

Dr.  Tksau.  Yes 

.  Mr  MacKay  |eontinuing|.%For  instance,  aeronautics,  and  market 
share,  and  also  seemed  to  show  that  there  was  almost  like  an  in- 
verse correlation.  The  mohe  American  jobs  that  were  involved,  the 
less  Government  money  had  been  involved  ip  R&D— for  instance, 
manufacturing, 

Dr.  Tksau.  I  would  have  to  agree  with  all  those  comments.  That 
seems  to  be  essentially  the1  case.  In  other  words,  where  most  of  our 
jobs  i\t<\  we  have  the  least  industrial  policy  to  protect  them  in  this 
country.  \ 

Mr.  MacKay  And  the  Utyst  Federal  effort 
s  Dr.  'IV.SAU.  That's  right.  I* would  have  to  agree  with  that. 
'  Mr.  MacKay. The  last  thing:  We  have  suerit  a  great  deal  of  time 
Jook4qj('at  th*  issue  of  how  you  get  new  ideas  from  the  basic  R&D 
stage  to  the  commercial  stage,  commercialization  of  R&D.  It  up- 
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pears  that  although  we  may  he  doing  A  better  job  in  basic  research 
than  the  other,  competing  nations,  they  do  a  much  better  job  at 
commercial  izurtft  the  nquideas. 
Dr.  Tksar.  Yes.       ^  , 
Mr.  MacKay.  Were  you  saying  m  yoyr  comments  today  that  the 
key  to  that  should  be  the  National  Bureau  of  Standards? 

Dr.  Tkhak  I  think  that  the  National  Buretfu  of  Standards  has  a 
vital  role,  and  that  is  to  demonstrate* the  need  in  sharp  detail,  on  a 
consistent,  long-term  basis,  repetitively  looking  at  these  issues  over 
and  over  again,  monitoring  what's  happening  to  us  internationally. 

For  example,  About  li  years  ago  I  asked  the^  question:  What  is  the 
distribution  at  the  micro  level  of  the  technologies  in  engineering 
among,  let's  say,  the  most  important  10  manufacturing  countries 
the  world?  I  couldn't  find  it  anywhere  in  our  depository  of  informa- 
tion in  the  United  States,  the  National  Science  Foundation,  NBS, 
OTA,  wherever.  I  could  not  find  that  comparative  analjjpis,  and  the 
most  long-term  commitment  any  society  has  is  to  its  distribution  of 
manpower.  Therefore,  if  you  want  to  find  out  what  the  Russians 
are  doing,  find  outjaow  they  are  spending  their  money  for  their 
manpower  today;  flk  will  see  what  they  will  be  doing  15  or  20 
years  from  now. 

If  we  could  find  out  comparative  analysis  like  this  though,  as  I 
say,  a  long  term  commitment  through  the  National  Bureau  of 
Standards,  you  would  hftve  a  much  better  chance  of  making  deci- 
sions where  you  sit.  \ 
Mr.  Lajndink.  Would  the  gentleman  yield?  \ 
Youprobably  could  find  that  out  for  Japan,  couldn't  youA 
Dr.  Tksah.  I  think  in  that  case,  but  it'wouldn't  be  comparative  in 
a  sense.  In  other  words,  I  could  find  out,  but  I  wo^ld  have  iW  own 
biases.  Wtf  noed  somebody  in  a  neural  environment  Itfce  NJBS  to 
make  the  statement  in  an  analytic  Anse  and  make  it  comparative 
among  enough  countries  so  that  it  has  real  meaning.  \ 

Mr.  MacKay.  If  I  might,  Mr.  Chairman,  let  me  explore  that  fast 
a  little  further.  I  have  heard  the  issue  of  R&D  and  where  we're 
headed  in  the  future  described  in  a  fashion  that  said  the  manpower 
shortage  in  the  key  spot*  in  technology  transfer  and  R&D  is  going 
to  i>e  the  controlling  factor.  Not  dollars,  but  the  manpower, 
trained,  skilled,  innovative  manpower  will  control.  Would  it  oefair 
to  say  that,  although  Government  might  not  get  involved  in  plan- 
ning by,  for  instance,  subsidizing  one  Industry  or  subsidizing  tech- 
nology in  one  area,  that  Government  might  get  involved  in  at  least 
trying  to  pltto  where  the  manpower  needs  are  goinfc  to  need  to  be 
20  or  years  from  now  ana  being  sure  we  are  subsidizing  the 
training  of  skilled  manpower? 

Dr.  Tksar.  I  would  say  that  if  we  had  accurate  information  on 
what  is  happening  to  us  internationally  on  the  manpower  basis, 
that  would  take  care  of  much  of  the  planning  almost  naturally.  We 
don't  have  accurate  information,  so  we  have  an  anecdotal  response 
or  we  fihve  a  lot  of  hearsay  evidence;  that's  not  sufficient  to  mhke 
policy,  ho  I  am  very  concerned  about  it  But  I  would  say  this,  that 
yes,  manpower  is  very  important  but  you  can  overproduce  man- 
power, j 

When  I  was  in  India,  for  example,  I  saw  in  almost  every  newspa- 
per I  picked  tip,  complaints  by  engineering  studtnts  that  there 


275 

wore  no  jobs,  ho  if  you  don't  have  a  policy  that  absorbs  these 
people,  you  cap  overproduce  people  in  a  hurry.  It  has  to  be  a  uni- 
form, cohesive,  integrated  plan  that  moves  the  whole  thing  forward 
uniformly. 

Mr.  MacKay  Well,  the  Federal  impact  thus  far  has  been  very 
counterproductive.  j 

Or.  Teh  ah.  Oh,  yes.  V  would  have  to  say  in'  many  ways  that  is 
true.  If  you  want  rapid  response,  you  have  to  have  manpower  in 
the  wings,  so  if  you  don't  have  the  manpower  in  existence  you 
can't  respond  as  rapidly. 

Mr.  MacKay.  On  thejother  hand,  the  Federal  Government  in  the 
sixties  probably  overstimulated  the  university  system  to  produce 
engineers  and  other  scientists  far  in  excess  of  our  needs  which  led 
to  a  greai  deal  of  frustration  in  the  seventies,  which  probably  has 
led  directly  to  the  shortages  in  the  eighties. 

Dr.  TksKr.  Well,  I  think  there's  a  lot  of  agreement  on  my  part  on 
that.  I  would  have  to  pay  that  never  were  more  than  1.6  pqpcfcnt  of 
the  engineers  out  of  work.  In  addition,  I  would  have  to  say  that 
there  were  movements  from  one  technology  bapeto  another  tech- 
nology base  which  created  #  lot  of  concern  by  individuals,  and 
these  were  expressed.  I  would  be  reluctant  to  say  that  we  had  too 
many  engineers.  I  wouldn't  say  for  sure  that  we  had  too  many. 

Mr.  MacKay.  What  I  guess  I  am  asking  you  is,  how  would  you 
take  that  concept  and  transfer  it  into  reality?  What  you're  saying 
is,  somebody  ought  to  do  better  long-term  planning  in  terms  of 
manpower  training. 

Dr.  Tesar.  That  would  be  one  of  the  first  things  to  do. 

Mr.  MacKay.  But  that  has  typically  been  a  responsibility  of 
State  government. 

Dr.  Tksar.  Yes.  As  a  matter  of  fact,  I  think  that's  true.  The  com- 
petition among  the  States  creates  a  response  in  manpower. 

Mr.  MacKay.  The  question  is  whether  they've  got  a  abroad 
enough  world  view  in  terms  of  10  or  20  or  30  years,  to  make  the\ 
decisions  about— 

Dr.  Tksar.  It  would  be  less  likely  that  they  would. 

Mr.  MacKay.  Thank  vou,  Mr.  Chairman. 

Mr.  Walgren.  Thanlwou,  Mr.  MacKay. 

Let  me  ask  you,  Dr.  Tesar,  on  that  point  that  Buddy  has  raised 
on  take-home  pay,  you  indicate  that  we  have  lost  HO  to  50  pfercent 
relative  to  northern  Europe  and  that  that  number  should  be  Veri- 
fied. What's  the  short  description  of.  how  that  number  is  arrived  at, 
and  can  you  direct  our  staff  towards  any_  materials  that  they  could 
^UBe  to  look  at  that  number?  • 

Dr.  Tksar.  I  think  it's  the  CED  that  puts  out  documentation' of 
this  type,  which  has  documentedUhat,  and  there  has  been  analysis % 
of  that  but  I  cannot  go  back  to  the  original  source.  That's  one  of 
my  discomforts  with  that  statement,  as  a  matter  of  fact,  that  I 
could  not  go  back  to  the  original  analysis.  It  wasn't  sufficiently 
well  documented  so  I  edtritWt  find  out  who  actually  made  the  anal- 
ysis,.and  that's  why  I  day  it"  should  be  carefully  verified.  It  is  uni- 
formly accepted  that  t*iat  is  true,  however. 

Mr.  Wau*rjcn.  Well,  we  woiild  like  and  perhaps  we  will  be  in 
touch  with  you  on  developing  that  number. 


Now  you  indicate  that  the  heavy  machinery  is  relatively  proper- 
ly supported  in  an  investment  sense  in  this  country  but  the  light 
machinery  is  notv  What  two  primary  reasons  would  you  give  for 
our  failure  to  support  the  light^hachinery  in  the  same  way  that  we 
apparently  do  heavy  machinery? 

for.  Tkhar.  That's  a  very  interesting  question.  Since  I  anTa  uni- 
versity faculty  member,  I  have  thought  about  that  some.  I  teach 
machine  design  at  the  University  of  Florida,  for  example,  and  in 
that  area  I  have  the  responsibility  to  define  curriculum  or  what 
have  you.  The  primary  emphasis  we  have  In  our  curriculum  has  to 
do  with  the  failure  of  machines— that  is,  the  life  of  the  machine, 
how  long  does  it  last;  reliability;  stability  problems  for  control;  that 
sort  of  thing.  This  has  a  lot#to  do  with  the  investment  in  the  farm 
machinery,  it  has  a  lot  to  do  with  investment  in  heavy  machinery 
for  turbines.  It  has  a  lot  to  do  with  investment  for  big  machines 
like  presses  and  that  sort  of  thing/ 

On  the  other  hand,  light  machinery  requires  a  concern  for  preci- 
sion. When  you  turn  that  machine  on,  tne  product  that  that  ma- 
chine produces  m  the  reason  for  the  existence  of  that  machine,  and 
if  the  product  is  not  of  sufficient  quality  you  cannot  market  that 
/product.  We  do  not  teach  that,  sdi  would  say  the  universities  are, 
to  a jtreat  extent  to  blame  for  our  lack  of  efficacy  and  priorities  in' 
the  field  of  light  machinery. 

On  tht'othur  hand,  I  would  have  to  say  also  that  our  laissez-faire 
Approach  to  this  technology  has  not  created  enough  excitement  on 
the  industrial  side  to  beoome  more  aggressive  in  its  manufacture. 
So,  for  example,  in  the  field  of  textile  machinery  we  used  to  have 
about  [jO  percent  of  the  world's  market  in  textile  machinery  in  the 
early  fifties,  and  I  believe  it's  down  to  at  least  8  percent  or  worse 
today.  In  the  field  of  machine  tools,  which  is  a  precision  technology 
in  its  ultimate  form,  we  now  have  only  17  percent  of  the  worlas 
market  where'  we  used  to  have*  about  30  to  32  percent.  So  again, 
you  know,  in  alj  these  areas  we  are  beginning  to  show  tremendous 
failure  in  the  competition  in  the  field  of  precision  technologies. 

Mr.  Wakgkkn.  But  really  aren't  we  up  against  political  attitudes 
as  opposed  to  excitement  or,  particularly  in  the  universities,  the 
community  being  able  to  d^ive  the  society? 

Dr.  Trsak.  Yes,  yes. 

Mr.  Waixjkkn.  We  are  really  up  against  political  interests  which 
somehow  or  other  drove  the  investment  in  the  heavy  machinery 
area  and  really  as  consciously,  irr  terrns  of  a  self-interest  stand- 
point, prevented  an  action  or  a  program  being  undertaken  in  

Dr.  Tkhak.  I  have  to  agree  with  that.  There  are  strong  political 
force*,  but  \o  build  up  an  advocacy  to  correct  that,  it  means  you 
have  to  deal  with  the  manpower,  and  manpower  responds  to  enthu- 
siasrn  and  excitement.  That's  what  young  people  respond  to.  It's 
the  flag  that  you  put  on  your  flagpole. 

Mr.  Wammkn.  You  know,  one  of  the  ideas' that  you  raised  that 
really  iH  intriguing  from  a  political  standpoint  is  thisudea  of  differ- 
ent markets.  If  we  can  agree  that  we  should  be  driven  by  a  market- 
place, then 'the  question  is  how  do  you  define  that  marketplace, 
and  what  I)r'.  Tfoar  suggests  is  there  might  be  some  smaller  sec- 
tion* of  our  marketplace  that,  if  properly  focused  on,  could  be  al- 
lowed to  drive  the  activity  in  that  area  but  would  give  us  a  differ* 
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ent  result  than  if  we  define,  as  the  marketplace  my  desire  for  a  t 
plastic  water  squirt  nun  for  my  kid  and  directing  my  dollars  in7 

,  that  direction,  as  opposed  to  something  that  might  he  more  con- 

;  structive.  ,  •• 

Dr.  IfesAR.  Thank  you. 

Mr.  Walorkn.  Well,  we  certainly  appreciate  your  testimony  and 
i  I  apologize  about  the  time  but  it  was  worth  it. 
Dr.  Tbhar.  Thank  you  very  much. 

Mr.  Walgrin.  The  next  witness  is  a  constituent  of  mine,  not 
that  that  s  why  he  is  here.  I  was  surprised  to  meet  him  yesterday 
as  I  never  have  before,  but  we  do  want  to  welcome  Dr.  Frank  Pitt- 
raa1?'  we..actinS  aMociate  director  of  the  Robotics  Institute  at  Car- 
negie-Mellon University,  Pittsburgh,  PA.  We  certainly  welcome 
y0U,i!i  11  p,ttman-  and  want  to  hear  your  views  as  fully  as  you 
would  like  to  expound  them.  The  written  statements  will  be  made 
port  of  the  record,  and  feel  free  to  outline  points  you  would  like'to 
make  in  any  way  that  you  feel  most  effective.  We  are  glad  vou'rel 
here.  \,  -  . 

STATEMENT  OF  DR.  G.  FRANK  PlTTMAN,  ACTING  ASSOCIATE  DI- 
RECTOR, ROHOUIC8  INSTITUTE,  CARNEGIE-MELLON  UNIVERSI- 
TY,  PITTSBURGH,  PA  • 

Dr.  PiTTMAN.  Thank  you,  Mr.  Chairman.  •  >  > 

*  n  Mr  9ha]rrnan  und  members  of  the  subcommittee,  on  behalf  of 
Carnegie-Mellon  University  and  the  Robotics  Institute,  I  am  very 
pleased  to  have  the  opportunity  today  to  present  this  statement  to 
thevSubcommittee  on  Science,  Research  and-  Technology.  I  "shan't 
preflent  the  amount  of  detail  that  Dr.  Tesar  did.  He  gave  a  great 
deal  of  the  background  for  me,  fortunately.  What  I  would  like  to  do 
is  to  emphasize  several  of  the  points  that  are  made  in  the  written 

*  'statement  and'to  particularly  show  how  they  relate  to-some  of  the 
concepts  in  the  bills  that  are  being  considered  today. . 

Certainly  A  without  belaboring  the  point,  it  certainly  does  seem 
very  evlden^  that  the  U.S.  manufacturing  economy  today  is.heing 
fdced  with  new  kinds  of  competition,  people  employing  new  kinds 
of  competitive  weapons  and,  perhaps  most  significantly,  new  tech- 
nologies. Fundamental  economics  would  suggest  that?  what  we  need 
to  do  would  be  to  identify  a  potential  comparative  advantage  and 
to  exploit  that,  so  the  question  becomes,  what  sort  of  wea'ponW 
this  kind  might  be  employed. 

At  the  present  time  the  United  States  does  enjoy  a  leading  posi- 
tion, albeit  perhaps  a  tenuous  one,  in  advanced  computer  science. 
Here  then,  perhaps,  lies  a  potential  comparative  advantage— to 
infuse  capital  intd  the  U.S.  manufacturing  economy  in  the  form  of-  ° 
computer  technology,  in  other  words,,  intelligent  robotics,  thereby 
enhancing  the  productivity  of  the  work  force,  maintaining  our 
global  competitiveness,  arid  also  supporting  our  standard  of  living. 
That's  easy  to  say  but  perhaps  not  so  easy  to  do. 

We  believe,  and  this  certainly  is  reflected  in  the  bills  that  are 
under  consideration,  that  pursuing  „thi#  end  tbsolufcjjbt  requires 
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actual  to  facilitate  more  efficient  and  more  effective  technology 
transfer  between  the  universities,  where  much  of  this  technology 
resides,  and  industry  where  it  must  be  utilized  and  implemented. 
The  bills  under  consideration  certainly  do  address  these  points,  we 
feel. 

In  many  ways,  the  experience  that  we  have  had  at  the  Carnegie- 
•  Mellon  University  Robotics  Institute  over  about  the  last  5  years 
•t.-  can  be  viewed  perhaps  as  a  prototype  of  some  of  the  ind^rial,  aca- 
demic, and  governmental  cooperation  of/tKe\Bort  that  iroeing  con-  * 
sidered,  and  for  that  reason  1  would  Jike  Jc&  say  just  a  little  bit 
about  .that.  The  Robotics  Institute  w^s  conceived  out  of  thinking 
that  is  not  unlike  that  that  lies  behind  these  bills,  particularly  on 
the  part  of  Dr.  Richard  Cyert,  the  president  of  Carnegie-Mellon 
University,  JAtid  Mr.  Thon^as  Murrin,  who  is  the  president  of  one  of 
the  miy or  .segments  of  the  Westinghouse  Electric  Corp. 

The  institute  was  founded  in  late  11)79  with  Westinghouse  as  the 
initial  sponsor.  Somewhat  later  the  Digital  Equipment  Corp.  came 
yi  on  board  as  another  major  sponsor.  In  the  years  since  then,  the 
^  sponsorship  has  broadened  to  include  about^zS  to  28  industrial  Af- 
filiates providing  an  annual  research  budget  of  about  $8  million. 
The  research  program  is  Carried  out  by  over  100  faculty  members, 
research  scientists  and  engineers,  graduate  students,  and  support- 
ing personnel.  The  technical  range  covers  the  full  scope  of  physical 
processes  and  information  processing  which  takes  place  within  the 
manufacturing  environment.  In  other  words,  we  use  a  very  broad 
definition  of  robotics.       -  ; 

We  place  heavy  emphasis  on  acquiring,  processing,  and  interpret- 
ing information,  and  then  acting  upon  those  interpretations.  Devel- 
opment and  application  of  artificial  intelligence  techniques  to  man- 
ufacturing problems  is  a  major  research  effort.  The^tated  mission 
ol<  the  Robotics  Institute  is  to  carry  out  research  in  this  broadly  de- 
fined field  of  robotics,  and  also  to  facilitate  the  transfer  of  the  re- 
sulting technology  to  industry.  Indications  to  date  are  that  we  have 
achieved  some  degree  of  success  on  both  scores. 

There  are  several  points,  based  on  our  experience,  that  I  would 
like  to  cover  very  briefly.  First,  the  involvement  of  industrial  spon- 
sors is  a  key  itejri,  involvement  not  ortly  as  a  source  of  funds  but 
also  as  an  active  participant,  both  i{i  the  plannfng  and  tfke  carrying 
out  of  the  research  projects.  This  is  very  important  to  facilitate  the 
transfer  of  results  to  industry  and  their  Implementation  in  actual  * 
manufacturing  operations. 

Second,  the  involvement  of  academic  faculty  and  students  in  the 
progrftmgfts  algo  a  key  element.  As  was  pointed  out  in  some  of  the 
discu|M(lf5n  earlier,  the  key  element  in  the  future  health  of  the  U.S. 
manufacturing  economy  i$  a  supply  of  technically  trained  person- 
nel. Because  of  the  participation  of  the  academic  faculty  and  gradu- 
ate studpnta  in  the  research,  the  institute's  activities  not  only 
product  research  results  but  also  reinforce  the  educational  mission 
of  the  university,  and  this  is  important. 

Thirds  on  the  rpatter  of  fundirtg,  in  order  to  maintain  a  hijfh 
quality,  effective  center  of  research,  a  degree  of  program  stability 
oVer  a  number  of  years  must  exist.  The  nature  or  business,  hdtoev-  * 
er,  is  such  that  long-term  commitments  are  difficult  for  industry  to 
make.  Furthermore,  we  find—not  surprisingly— that  industrial 
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ipQftiors  are  much  more  strongly  interbe 
'  M  of  researcJiJit'i  necessary,  to  cnrjy_„  w.  w„ 0_ ol 

to  maintain  a  balance  betweep  Applied  and  fundamental  re- 
iftm.  We  find  that  in  order  to  d<J  this  we  must  augment  the  in- 


the  more  applied 
ongoing,  effective' 


ea 


ustrial  funding  with  governmental  funding  to  provide  some  of  the 
ior*  fundamental  work. 

80  theM  are  the  key  items:  V^e  believe  that  there  certainly  is  a 
troblem.  We  believe  a  key  element  in  the  solution  to  the  problem 

Si  computer  science  ar>d  robotics.  We  believe  that  academic  institu- 
Ions,  together  with/Government  and  industry  in  a  cooperative 
ffort,  must  play  a/key  role.  We  strongly  believe  that  the  U.S.  man- 
ufacturing econojhy  ip  indeed  in  perilous  times  and  that  a  vigorous 
ihfusion  of  new/ technology  is  necessary  to  restore  and  to  maintain 
it*  vigor.  Computer  technology  iB  a  key  ingredient  and  one  in 
Which  we  ertfoy  a  leading  position  at  present,  Maintaining  that 
lead  and  effectively  transferring  the  technology  to  industry  tyill  re- 
quire the  kind  of  cooperative  efforts  among  Government,  academia, 
•nd  industry  that  are  being  discussed  here  today. 
Thank  yoy  very  much. 

[The  prepared  statement  of  Dr.  Pittman  follows:] 
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.  Statement  for  the  Subcommittee  on  Science,  Kescarch  and. 
Technology 

Hearings  on  Federal  Organization  for  Technological  Innovation 
Dr.  G.  frank  Pittman 
Actlnfc  Associate  Director 

Robotics  htntlluto 
Carncglc-Mellon  University 
June  13, 1984 


On  behalf  of  the  Carnegie-Mellon  University  Robotics  Institute.  I  am  pleased  to  have  this 
opportunity  to  present  testimony  to  the  Subcommittee  on  Science;  Research  and  Technology. 


The  two  bills  under  consideration  at  this  hearing  are  based  on  the  premise  that  the  manufacturing 
economy  of  the  United  States  in  its  traditional  form  is  tHrcatencd-by  a  new  kind  of  global 
f  competition.  Indeed  traditional  geographic  patterns  or  manufacturing,  marketing  and  distribution 
have  been  shattered.  United  States  manufacturers  are  faced  with  new  competitors  employing  new 
kinds  of  competition  and.  perhaps  most  significantly  new  technology.  Initially  at  l&si  the  United 
States  appears  to  be  doing  poorly  in  this  new  competitive  environment  It  seems  evident  that 
something  must  be  done  to  restore  und  maintain  the  competitive  position  of  our  manufacturing 
industries. 

\  f 

.  Fundamental  economics  would  suggest  that  we  need  to  identify  a  potential  comparative 
advantngy  and  to^xploit  iL  The  question  is  •  what  sort  of  comparative  advantage  mlW  that  be, 


I  he  United  States  worker  owes  his  superior  standard  of  living  to  the  heavy  capital  investment  of 
our  manufacturing  economy  which  has  made  it  the  most  productive  in  the  world.  To  Continue  to 
improve  or  cverj  to  maintain  this  standard  of  living  in  the  face  of  increasing  competition  from 
entries  in  which  workers  enjoy  a  much  lower  standard  will  require  rurthcr  capital  investment  In 
support  of  the  United  State*  worker.  Looking  back  in  history  the  first  investments  by 
manufacturing  industries  were  made  to  augment  the  manual  capabilities  of  workers.  Later 
investments  emphasized  mass  production  systems  to  efficiently  produce  large  quantities  of 
standardized  products  at  k>W  costs.  We  now  have  -the  opportunity  to  invest  in  technology  to 
augment  the  more  intellectual,  knowledge  intensive  functions  performed  by  workers. 

At  the  present  time  the  United  Slates  enjoys  a  leading  position*  albeit  a  tenuous  one  -  In 
computer  science.  Here  then  lies  a  potential  comparative  advantage;  to  infuse  capital  into  United 
States  manufacturing  in  the  form  of  computer  technology,  thereby  enhancing  the  productivity  of 
the  work  force  and  maintaining  the  global  compctiveness  necessary  to  support  our  standard  of 


living. 
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Accomplishing  this  end  effectively  ami  nipidly  will  require  cooperation  among  academin, 
industiy  and  government  in  a  number  of  areas.  I  he  United  Slates  lend  in  advanced  computer 
science  must  Ik*  maintained  and  e\en  increased.  In  addition,  actum  must  be  taken  ^  facilitate 
ellkieni  and  expeditious  technology  transfer  through  a  tighter  coupling  between  the  universities 
wheie  ninth  of  the  advanced  computer  know-how  resides  and  the  manufacturing  industries  In 
which  it  is  to  be  employed.  I  he  two  bills  under  consideration  at  this  hearing  address  these  areas. 

In  many  ways  the  cipenence  gained  at  the  Carnegie  Mellon  University  Robotics  Institute  can  be 
viewed  as  a  prototype  of  the  cooperative  effort  called  lor  in  these  bills. 

Although  the  federal  government  has  been  the  major  patron  of  university  research  since  World 
War  II.  C  arnegie  Mellon  tlimttwfy  has  been  the  recipient  of  a  relatively  large  amount  of  private 
funds  for  research  put  poses.  In  W83  the  amount  was  $18  million,  which  was  over  one-third  of  the 
total  research  budget.  We  believe  that  this  stems  in  part  from  an  increased  appreciation  for  the 
value  of  research  on  the  part  of  corporate  executives,  recognizing  \hat  the  United  States  could  lose 
its  lc<  hnological  lead  on  the  rest  of  the  world.  At  Carnegie-Mellon,  cooperatively  sponsored 
reseanh  (enters  have  been  established  in  the  areas  of  magnetics,  graphic  design  and  steel 
production,  to  name  a  few. 


the  Robotics  Institute,  was  conceived  out  of  thinking  along  the  same  lines  that  has  prompted 
■  these  bills,  particularly  oVfhe  part  of  Dr.  Richard  Cycrt,  President,  and  other  top  officials  of 
Carnegie  Mellon  Univeisity  and  Mr  Ihomus  Mm  on  and  other  top  executives  of  the  Wcslinghousc 
I  learn  (  orpoialion  I  he  institute  was  founded  in  late  W)  under  the  initial  sponsorship  of 
Wesiinphousc  Somewhat  latci  the  Digital  K^iilpmeiil  Corporation  became  .1  second  major  sponsor. 
In  the  succeeding  years  the  institute  has  expanded'  its  affiliations  to  twenty  eight  sponsors  who 
provide  an  annual  research  budget  of  eight  million  dollars  I  he  research  program  is  carried  out  by 
over  100  (acuity  inembeis.  research  scientists  and  engineers,  graduate  students  and  support 
personnel.  I  he  technical  range  of  the  Robotics  Institute  is  a  broyd  one  embracing  the  full  scope  of 
physical  processes  and  information  processing  which  take  place  within  the  manufacturing 
envHonmeiTl.  Heavy  emphasis  is  placed  on  acquiring,  processing,  interpreting  and  acting,  upon 
information.  I  he  development  and  application  of  artificial  intelligence  techniques  to  manufacturing 
operations  constitutes  a  major  research  effort  Hhc  slated  mission  of  the  Robotics  Institute  is  to 
carry  out  research  in  the  bioadly  defined  area  or  robotics  and  to  facilitate  the  transfer  of  resulting 
technology  to  industry.  Indications  to  date  are  that' a  degree  or  success  has  been  obtained  on  both 
scored.  * 


I  here  are  a  number  of  aspects  of  the  organization  and  operation  of  the  Robotics  Institute  which 
we  believe  to  be  significant.  I  would  particularly  like  to  mention  several  of  them. 

► 

Ihc  Institute  seeks. to  involve  industrial  sponsors  nc$t  only  as  a  source  of  funding  but  also  as  an 
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active  participant  in  both  the  planning  and  the  execution  of  projects,  This  approach  helps  to  insure 
(tie  relevance  of  the  research  and  to  facilitate  the  transfer  of  results  to  industry  and  their 
implementation  in  actual  manufacturing  operations.  The  active  involvement  of  industrial  personnel 
in  the  research  projects  also  enhances  and  upgrades  their  skills  in  advanced  technological  areas. 


A  key  goal  of  the  Robotics  Institute  is  to  promote  and  assist  in  the  transfer  of  new  technologies  to 
industry  In  addition  to  the  direct  involvement  of  industrial  personnel,  this  is  further  facilitated 
through  the  publication  of  technical  reports  and  an  active,  program  of 'symposia,  tutorials  and 
workshops  for  industrial  sponsors. 

^  The  future  health  of  the  United  Slates  manufacturing  economy  requires  a  supply  of  technically 
trained  pfolessionuls.  Because  of  (he  participation  of  academic -faculty  and  graduate  students,  the 
institute's  activities  also  reinforce  the  educational  function  of  t,hc  university  and  directly  result  in  a 
supply  of  graduates  with  specific  training  in  robotics  and  an  appreciation  for  industrial  problems. 
The  academic  faculty  also  provide  an  ongoing  lie  to  the  traditional  academic  departments  and  to 
the  more  fundamental  research  activities  of  those  departments. 

*  & 

I  he  Institute  seeks  to  maintain  a  balance  between  applied  and  fundamental  research.  We  have 
found,  not  surprisingly,  that  industrial  sponsors  arc  more  Strongly  interested  in  the  more  applied 
activities  and  that  support  for  the  mord  fundamental  work  must  often  be  sought  from  governmental 
sources.  The  bills  under  consideration  would  work  to  maintain  this  important  balance  by  both 
encouraging  industrial  sponsorship  and  by  providing  funding  for  more  fundamental  research 
ncMf/jj*.  n 

An  increased  level  of  cooperation  between  universities  and  corporations  in  research  must 
overcome  two  major  hurdles.  The  first  one  comes  from  the  corporate  side  in  the  need  to  have 
something  tangible  to  show  for  its  research  expenditures  when  justifying  such  expenditures  to 
stockholders.  This  encourages  corporations  to  seek  ownership  of  results  of  research  expenditures  in 
the  form  of  patents.  Universitiesihave  traditionally  covettcd  the  patent  rights  for  any  research 
undertaken  in  the  university.  1  he  second  obstacle  to  cooperative  research  at  a  university  is  the  need 
for  publication.  A  major  mission  of  a  research  university  is  to  develop  new  knowledge  and  to  make 
this  new  knowledge  available  to  other  researchers.  Quite  obviously  a  change  in  attitude  on  both 
sides  is  critical  If  cooperation  on  research  between  universities  and  corporations  is  to  take  place.  At 
the  Robotics  Institute  ye  believe  that  we  have  accomplished  this  with  a  type  of  agreement  which 
incorporates  flexibility  In  patent  rights  and  which  grants  the  university  the  right  to  publish  at  an 
appropriate  time.  1 


Maintaining  a  high  quality,  effective  center  of  research  requires  that  a  degree  of  program  stability 
exist  over  a  number  of  years.  However,  the  nature  of  business  is  such  that  long  term  commitments 
nnftJifTlculi  for  industry  to  make.  The  provisions  of  these  bills  could  provide  a  base  fanding  level 
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for  three  ,or  four  such  center*  whlqh  would  provide  them  with  the  required  stability  and  the 
flexibility  M  respond  jo  the  needs  of  Industry. 


In  suimtwry.  wc  strongly  sjiare  the  belief  that  the  United  Slates  manufacturing  economy  is  in 
perilous  times  and  that  a  vigorous  *  fusion  of  new  technology  is  necessary  to  restore  and  maintain 
its  vigor.  We  believe  that  computer  technology  is  the  key  ingredient,  and  it  is  one  in  which  the 
United  States  presently  enjoys  a  leading  position.  Maintaining  thai  lead  and  effectively  transferring 
the  technology  to  industry  will  require  the  kind  of  a  cooperative  efforts  4iong  government, 
academia  and  industry  that  are  proposed  in  these  bills. 
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Mr.  Walokkn.  Thank  you  very  much,  Dr.  Pittman. 

You  indicate  that  it  makes  Honse  to  look  where  we  hav(*,compar- 
ative  advantages  and  to  fhirsue  them.  Isn't  it  also  true  that  we  tye 
going  to  have  to  run  like'mad  in  thiH  area?  Boca  use  in  contrast,  to 
classic  economics  where  a  capacity,  put  into  place  will  be  an  advan- 
tage through  time,  in  this  era  of  reverse  engineering  and  particu- 
larly when  one  of  the  magical  things  we  ar^  seeking  is  idea  content 
and  the  like,  as  soon  as  that  is  published  and  as  soon  as  one  of 
these  foreign  competitors  can  get  their  hands  on  the  physical  prod- 
uct, we  find  them  really  beating  us  tb  any  punch  that  we  arc\able 
to  put  together. 

In  another  committee  wt^had  evidence  of  the  Japanese  interests 
literally  bribing  for  the  procurement  of  a  new  IBM  product  so  they 
could  develop  the  software  for  it  before  we  had  developed  the  soft- 
ware for  it,  so  w^en  the  product  came  out  on  the  market  they  were 
already  there  with  all  the  follow-pn  to  satisfy  the  demand  that  was 
created  by  that  product.  ' 

Do  you  think  we  can  run  fast  enough  to  yield  substantial  employ- 
ment to  our  society,  in  view  of  the  transferability  of  this  stuff? 

Dr.  Pittman.  It  is  certair^  true,  as  you  point  out,  that  the  situa- 
tion is  an  extremely  dynamic  one.  Thatjs  one  of  the  reasons  that  it 
is  necessary  not  only  to  carry  out  some  research  in  specific  areas 
and  get  particular  results  but  also  to,  in  so  doing,  put  in  place  the 
structure  in  terms  of  people,  trained  people,  capabilities  to  carry  on 
additional  research,  that  will  provide  that  as  an  ongoing  direction. 
That  is  the  thing  i\yxl  can  permit  us  to  run  fast  enough  to  outpace 
this. 

Certainly An  the  world  today  information  is  transferred  very  rap- 
idly, much  more  efficiently  than  it  ever  has  been  in  the  past,  and 
this  will  continue  to  take  place,  so  it's  not  sufficient  to  simply 
achieve  first  order  goals.  We  also  we  must  put  in  place  the  capabil- 
ity to  continue  to  pursue  and  increase  our  advantage, 

Mr.  Walokrn.  How  do  you  handle,  at  the  Carnegie-Mellon  Ro- 
botics Institute,  the  benefit  to  a  proprietary  firm  like  Westinghouse 
or  some  of  your  othfcr  industrial  sponsors?  You  indicate  that  we 
have  in  some  fashion,  and  we  projbably  ought  to  be  really  looking 
for  what  more"^wifc-«ferouId  be  doing  in  that*area,  added  governmen- 
tal strength  to  some  of  the  research  capacities  at  the  university 
through  some  of  the  Federal  programs.  Yet  if  that  is  targeted  afe(l 
focused  on  a  group  of  industrial  sponsors,  then  there  are*  other 
people  on  the  outside  looking  in.  Although  their  tax  dollars  are 
providing  the  base  for  this,  can't  they  then  at  least  directly  partici- 
pate in  the  results? 

Dr.  Pittman.  That's  a  key  point  and  it's  one  of  the  areas  of  diffi- 
culty in  establishing  the  proper  kind  of  relationship  between  an  in- 
dustrial sponsor  and  university  research.  The  industrial  sponsor 
rightly  feels  that  he  must  show  something  in  return  for  his  contri- 
bution. That  usually  means  ownership  of  patents,  proprietary 
rights  to  information,  and  sg  on.  The  university,  on  the  other  hanp, 
has  a  requirement  in  terms  of  its  overall  mission  to  not  only  create 
knowledge  but  to  publish  and  disseminate  it,  so  here  we  hav6  a 
conflict  of  interest  really. 

We  have  handled  this  with  some  degree  of  success  by  establish* 
ing  a  variety  of  different  kindft  of  relationships,  depending  upori 


*  286  , 

the  specifics  of  thtlsponsorship.  In  the  case  of  a  program,  a  project 
thlit  is  sponsored  *)foly  by  om»  sponspr,  one  industrial  sensor,  we  * 
haye  given  proprietary  rights  to  the  ownership  of  that  information 
to  that  sponsor  Clearly  in  the  case  where  there  is  multiple  spon- 
sorship—a consortium  of  industry  people  or  some  combination  -of 
governmental,  and  industrial  sponsorship—that  cannot <be  th6  case. 
In  those  situations  the  university  retains  the  ownership  of  the  re- 
sults and  a  variety  of  kinds  of  licensing  agreements  are  arrived  at 
with  the  sponsors.  *\  i 

ft's  an  area  that  is  a  difficult  one,  ana"  it  is  one  of  the  areas  that 
makes  the  good  kind  of  cooperation  rather  difficult  to  achieve,  but 
it  ia«one  that  we  hjwe  found  can  be  acqommodated  in  most  cases. 
»  Mr.  Waloken.  And  the  Federal  Government's  policy  of  allowing 
a  university  to  retain  a  proprietary  rij^ht  essentially  gives  yot/lhe 
ability  to  solve  that  problem* 

Dr.  Pittman*  Yes,  it  does. 

Mh  Waloren.  I  guess  if  the  Government  were  denying  the  uni- 
versity rights  theo.  it  would  make  it  very  difficult  to  work  out  the 
varitfufc  relationships  with  private  sponsors,  private  participants.. 

Dr.  Pittman.  Yes,  it  would,  yes. 

Mr*.  Wau;ren.  Mr.  Lundine? 

Mr.  Lundine.  I  think  that  that  basically  njakes  theVollowup 
point  that  I  wanted*  to  raise  with  you.  Flexibility  of  such  *an  insti- 
tute seems  to  me  to  be  an  essential  quality,  so  that  yoti  are  abte  to 
,  work  out  different  relationships  with  the  private  seqtor  :in*  response 
to  different  projects  that  you  might  undertake.         *"  -  ^ 
Dr.  Pittman.  yes,  it  definitely  is.  /  *  '  • 

Mr.'  Lundine.  If  our  institute  is  important,  not  qnly  to  the  Pitts- 
burgh area  and  lo  the  corporate  sponsors,  but  to  the?  whole  United* 
^States.  Are  there  any  other  general  sorts  of  recommendations  you 
can  mhke  to  us  that  would  enhance  the  kind  of  partnership,  you 
have  been  able  to  forge  there,  particularly  with  Westinghouse  and 
Digital  taking  such  an  active  role  in  the  establishment  of  yqur  in- 
stitute? \ 

Dr.  Pittman.  Certainly  the  points  that  I  mentioned  are  impor- 
tant ones.  To  have  th&  industrial  sponsor  involved  as  more  than 
simply  a  source  of  funding,  and  anything  that  encourages  that  sort 
oj^nvolvement  would  be  of  hel{l  I  can  imagine  several  forms  that 
This  might  take.  Perhaps  some  sort  of  incentives  to  have  industrial 
employees  actually  be  resident,  on  campus,  involve^  in  things,  and 
in  a  way  that  would'be  favorable  to  the  industrial  sponsor  would  be 
very  helpful.'  J 
,  The  matter  of  balance  in  the  program  and  mainlining  this  bal- 
ance between  the  more  fundamental,  forward-looking  research 
work  and  the  more  applied  work,  Is  extremely  important.  It's  a  bal- 
ance that  can  tip  very  easily,  and  the  provision  for  a  stable  base  of  ^ 
funding  in  Ihe  more1  fundamental  areaq  is  an  important  one.  That 
is  difficult  to  obtain  frtfm  industry  because  it  requires  long-term 
commitments. 

Mr.  Lundink.  And  it  is  in  that  area  that  you  think  that  addition- 
al Federal  programs  would  be  important? 
Dr.  Pittman.  Very  definitely, 
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'  Mr.  Lundink.  You  have  looked  at  thifo  bffls.  Do  you  have  any  \ 
v>  asAessment  of  the  strengths  and  weaknesses  of  the  individual  pro- 
posals? 

*  Dr.  Pittman.  I  would  share  Dr.  Tesar's  concern' with  the  number 
t)f  centers  that  can  be  vtably  maintained  with  the  kind  of  funding 
that  is  being  discussed.  I  certainly  can't  prove  that  $H  million  is  in- 
sufficient, but  on  tlj*»  one*  haiid  it's  not  a  great  deal.  On  the  other 
hand,  its  not  necessarily  true  that  10  is  the  \right  number  of  cen- 
ters, either,  but  I  think  that's  something  that  would  have  to  be  con- 
sidered^ the  implementation  of  th«\t  kind  of— — 

Mr.  Lundink.  Well,  I  would  be  concerned  if  we  had  too  few  cen- 
ters  because  we  already  have  a  situation  where  in  the  Silicon 
Valley  and  in  the  Boston 'area  we  have  this  concentration,  and  Vet 
^tjjere  is  so  much  of  Americif  that  doesn't  have  the  same  even  ven- 
UrN  capital  characteristics  as  these  do. 
Dr.  Pittman.  Yes. 

Mr.  Lundink,  In  tyew  York  State  we  have  tried  to  set  up  some 
advanced  technology  centers,  and  even  there — I  don't  know,  I 
couldn't  say  if  it's  political  or  not — but  there  were  so  many  differ- 
*  out  corporate  interests  in  so  many  different  areas,  ranging  from  bi- 
ology to  metallurgy,  that  they' had  to  establish  eight  or  nine,  I 
think.  My  viewpoint  is,  that  that  is  all  to  the  good  because  you 
don't  concentrate  all  of  your  investment  in  one  place,  and  ihe  spin-  %" 
off  advantages  economically  don't  all  inure  to  one  place,  j 

Would  you  agree  that  if4We  are  going  to  Undertake  some  kind  of 
Federal  funding  for  the  development  of  these  technology  centers, 
that,  it  would  be  desirable  to  have  more  than  two  or  three? - 

Dr.  Pittman.  I  think  it  would.  It  would  be  desirable  fromrseveral 
standpoints  First,  having  more  than  iiftt  n  few  brings  additional 

foints  of  view,  additional  resources,  additional  approaches  to  bear, 
lowevor,  it  would  also  be  important,  I  believe,  to  maintain  appro- 
priate kinds  of  communication  between  the  various  centers  or  ele- 
ments active  in  the  program. 

Mr.  Lundink.  I  guess  I  will  conclude  by  asking  port  of  a  two-part 
question.  Do  you  think  that  there  is  a  way  that  we  could  establish 
criteria  here  that  would  make  the  competition  for  these  centers  in- 
herently fair,  not  just  providing  additional  money  for  those  that  . 
probably  are  going  to  exist  anyway,  and  Rtill  not  be  unfair  to  exist- 
ing enterprisesltouch  as  your  own?  ' 

I)r  Pittman.  Well,  it  8  difficult  to  say  Vhat's  fair,  I  suppose. 
'  #  Mr.  Lundink.  Yes. 
*  Dr.  Pittman.  Certainly  great  cure  will  have  to  be  exercised  in 
carrying  out  the  process  of  identifying  both  the  kinds  of  centers  to 
be  encouraged  and*  also  the  specific  location  of  those  centers,  It 
seems  to  me  the  criteria  that  are  most  important  ara  the  ones  that 
relate  to  the  results  that  are  trying  to  be  achieved,  more  than  per- 
haps the  near-term  cohsiderations,  the  results  in  terms  of  both 
well-spent  research  effort,  well-spent  research  dollars,  and  alsoin 
terms  of  providing  the  kind  of  training  for  manpower  that  we  feel 
is  so  very,  very  important,  so  I  think  the  criteria  shbuld  address 
those  kinds  of  thing*:  The  proposed  centers,  how  well  do  they  fulfill 
those  roloflf  I  ( 

Mr.  Lundink.  Thank  lou,  Mr.  Chairman. 
Mr,  Waixjrkn;  Than/ you,  Mr,  Lundine.  , 
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*  ' 

'  '     Mr.  MacKay? 

Mr.  MacKay.  Both  you  and  Dr,  Tesar  are  people  who  afe  work- 
ing at  the  leadin^dge  of  hooking  computers  together  and'ot  robot- 
„  ics.  That  is  a  layperson  a  way  of  describing*  what  I  think  you're  v 

doing  I  think,  that  s  very  significant.  Who,  if  anyone,  do  you  inter-  (* 
-  face  with  in  the  Federal  Government  now? 

*  Dr.  Pittman  We  have  relationahips'of  a  funding  nature  with -the 
National  Science  foundation,  jang,  with, the  Department  of  Defense. * 
We  also  are  yery  familiar  with  and  have  an  interaction  with  the 
National* Bureau  of  Standards  Program  iti  the  manufacturing  area. 

Mr!  MacKay.  Do  you  agree  with  Dr.  Tesar's  comment  that  per- 
haps  NBS  could  have  an-  expanded  role  in  the  whole  question  df 
commercialization  or  technology  transfer,  being  in  the  role  of  help- 
ing with  thatapart  of  the  R&D  pipeline  that  comes  after  basic  re- 
search? t. 

Dr.  Pittman.  I  believe  that  the  role  of  the  National,  Bureau  of 
Standards  in  standardization,  metrifia^tion,  and  so  on  is  an  impor- 
tant one.  Certainly  the  library  function  that  Dr.  Tesar  mentioned 
is  one  that  van  be-effectively  carried  out  there. 

In  the  matter  of  <^phnology  transfer,  it  has  been  njy  experience^ 
that  the  most  effective  means  is  difect  involvement  of  the  agency 
to  which  the  transfer  is  to  be  accomplished  with  the  agertcy  that  is 

•  carrying  out  the  research  work.  I  really  believe  that  the  primary 
nrocrmnisrotfbuld  most  effectively  be  the  direct  involvement  of  the 
industrial^cipient  with  the  agency  that  is  cairying  out  the  re- 
search worfe.  Now  whether  NBS  has  a  role  in  that  interface  is  not 
clear  to  me.  1  think  they  can  certainly  have  an  effective  role  in 
transfer,  in  the  sense  of  information  dissemination  and  that  sort  of 
thing.  %  v 

Mr.  MacKay.  We  get  a  lot  of  statistics.  Our  problem  is  not  a  lack  t 
of  information.  It's  information  overload  and  the  inability  to  take 
the  time  and  an\ass  the  expertise  to  understand  the  statistics  we're 
%  r  getting.  One  of  the  things  that  is  perceived  wisdom  up  here  is  that 
a  great  deal  of  the  innovation  in  America  takes  place  in  small  busi- 
ness; a  great  deal  of  the  job  creation,  the  new  tj^nkjng,  the  risk  . 
taking.  Certainly  Wfestinghouse  and  Difntal  are  highlv  innovative 
.  coripanies,  but  if  you  because  of  your  funding  sources  by  definition 
are  watricted  to  dealing  with  large  companies  that  have  got  the 
ability  to  put  this  kind  of  money  into  it^djat  does  that  mean  for 
the  whole  idea  that  small  business  is  thjppherator  of  innovation. 
It's  almost  like  we,  by  our  funding  source?,  are  locking  out  small 
business  from  the  state  of  the  art.  I  would  like  you  comments.  ( 

Dr.  Pittman.  Yes.  Let  me  comment  on  that* 

Westinghouse  and  Digital  Equipment  are  the  largest  industrial 
sponsors  in  terms  of  dollar  input,  but  not  the  largest  companies; 

♦  General  Motors  is  also  a  sponsor.  Without  that  kind  of  inittaljappnr        <  / 
sorship,  it  would  have  been  difficult  if  not  impossible  to  establish 

the  institute  in  the  first  place;  nevertheless  we  do  have  a  numbe£ 
of  sponsors  who  are  gojwch  Smaller  companies.  There  are  some  rela- 
tively small  western  Pennsylvania  companies  who  are  affiliates  of 
^  the  institute,  which  means  that  theypay  an  annual  fee  of  between 
$16,000  and  $50,000  to  simply  become  a  member.  Those  fund*  at*  9 
pooled  into  a  common*  pool  and,  in  return  for  becoming  an  affiliate, 
that  sponsor  has  aacesft  to  the  infprmation,  reports,  meetings,  and 


ERJC  •  2<)l 

:  i  *  :  •  


Ho  on  generated  by  these  pooled  funds  as  well  as  any  inputs  from 
governmental  feourceH  that  art*  also  public  properly,  and  receives  in 
effect  a  way  of  staying  in  touch  with  whi\t  is  going  on  and  being 
awai*e,  having  a  window  on  technology,  if  you  will.  So  there  is  a 
rolv  for  the  smaN  company  in  our  structure. 

Another  aspect  of  that  is  that  we  recently  have  had  some  discus- 
sions with  several  limited  research  partnerships  in  terms  of  spon- 
soring work  at  the  institute  through  that  agency,  so  there  is 
enough  flexibility  that  the  balance  is  really  not  necessarily  tipped 
as  far  as  it'might'seem.  + 

Mr.  MaoKay.  But  if  you  contrast  \vhat  seems  to  be  Government 
policy^in  an  .area  that  is  now  critical  to  the  future  competitiveness 
of  America  with  what  has  been  a  very  successful  Government 
policy,  say>in  agriculture,  with  the  idea  that  the  Government  is 
going  to  pay  the  cost  of  extending  information  through  an  exten- 
sion service  to  everybody— bjg  farmers,  little  termers,  everybody— 
would  it  not  seem  that  that  approach  would  provide  mord^of  a 
guarany?e  to  society  that  nobody  is  fVozerf  out?  You  -are  in  effect 
being  forced  to  be  an  ent&preneur.  You  have  to  go  out  and  make 
H/iles  in  order  to  conduct  research,  so  you  are  goin|  to  go  sell  to  the 
guy  that  has  .got  the  mpney.  The  guv  that  has  got  the  money,  ac- 
cording to  tfye  statistics  we've  got,  doesn't  necessarily  seem  to  he 
the  guy  that's  got'the  ideas.  Is  not  Government  policy  in  this  case 
forcing  us  more  into  a  mold  that's  going  to  require  t^p  poor  but 
hungry  but  brilliantfengfneer  to  work  for  the  big  company  instead 
of  going  in  on  his  own,  and  is  that  not  going  to  tend  to  limit  inno- 
vation in  America  as  he  has  to  fill  out  forms  and  wait  for  commit- 
tees to  decide  about  his  brilliant  ideas?  I 

I)r?  PirrMAtf.  Well,  it  strikes  me  that  this  is  ihe  flatter  that  is 
addressed  by  the  limited  research  partnership  kind  of  approach,  by 
the  various  aspects  of  policy,  tax  measures,  And  90  on  that  provide 
for  the  availability  of  venture  capital  in  one  form  or  another.  Cer- 
tainly a  large  Corporation  has  more  financial  clout,  if  you  will,  to 
both  carry, on  research  internally  and  also  to  spondor  it  in  research 
or  any  other  research  environment. 

On  the  other  hand,  it  is  certainly  true  that  the  sparks  of  genius, 
if  you  will,  some  of  the  more  innovative  things  that  happen,  do  not 
cofie  oiit  of  that  environment.  I  speak  with  some  knowledge  be-* 
cause  I  spent  HO  years  working  for  the  Westinghouse  Electric  Corp. 
before  1  went  to  Carnegie-Mellon.  There  are,  in  the  western  Penn- 
sylvania area,  a  surprisingly  large  number  of  small,  entrepreneuri- 
al companies  that  have  been  spawned  by  the  several  research  ac- 
tivities that  exist  in  that  area,  not  only  in  universities  but  also  on 
the  part  of  miyor  corporations.  These  are  situations  where  individ- 
uals have  come  out  from  that  environment  and  found'ways  to  do 
thyigs  on  their  own.  So  I  don't  believe  tKut  \ye  are  in  a  situation 
now  that  would  create  the  kind^f  danger  that  yOu  point  out. 

Mr.  MacKay.  Sp  you  would  say,  then,  the  primary  source  of 
funding  from  yoUr  standpoint  thus  fgr  has  been  NSK  and  the  De- 
partment of  Defense.  \  . 
Dr.  Pittman.  From  a  governnr^ita^piifce,  that's  correct.  W; 
MacKay.  Yes. 
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Thank  you,  Mr.  Chairman, 
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Mr.  Walorkn.  What's  Ifte  balance  of  support  from  the|govern- 

*  mental  side  versus  the  sjStfrisor  side?*  i 

Dr.  Pittman.  About  25\percent  of  our  budget  is  governmental 
and  the  balance  is  industrial.  ' 
Mr.  WalgArn.  I  see.  • 

Dr.  Pittman.  There  isja  small  contribution  of  seed  money  from 
the  university  itself,  which/wfculd  be  on  the  order  of  less  than  10/ 
percent.  / 

Mr.  WAiijREN.  And  is  /that  the  Government  relating  to  the  Ro-, 
botics  Institute  or  to  the  (iniversitv  directly?  •  / 

//Dr.  Pittman.  L  am  speaking  of  the  Robotics  Institute,  rigfyt.  In* 
h/rms  of  the  university  in  total, 4the  annual  research  bu(^^t  is  on^ 
the  order  of  $55  million,  and  of  that  about  a  third  is  from  .the  pri- 
vate  sector,  from  industry,  and  the  balance  would  be  governmental. 
That's  for  the  university  as  a  whole.  The  Robotics  Institute  is  tfhuch 
-|more  tipped  Joward  th£  industrial  side.  ^ 

Mr.  Walgren.  And  at  present  the  institute  stands  ready  to 
pursue  whatever  a  primary  sponsor  might  feel  should  be  pursued, 
and  then  that  project  is  somewhat  segregated  to  that  sponsor. 
What  I  am  questioning  is  how  do  you  decide  what  to  do  and  Wheth- 
er there  is  a  decisionmaking  board  that  would  be  dir^ctin^  the  in- 
stitute toward  areas  of  broad  applicability. 

Dr.  Pittman.  Yes.  I  would  take  issUA  with  the  wayj||u  put  that 

*  .exactly*  We  consciously  try  to  avoid  the  'Vesearcher-f^hire-'  kind, 
of  situation.  We  do  have  a  management  council  structure  within 

a  the  Robotics  Institute,  consisting  of  the  director,  Dr.  Raj  Reddy, 
\and  the  senior  researchers/who  consciously  address  the  overall  re- 
search strategy,  the  overall  program,  its  thrust,  Its  balance,  and  its 
^irecti(ym  When  a  potential  research  opportunity  or  a  potential 

f project  or  sponsor  is  under  consideration,  it  is  considered  in  that 
ight.  We  consciously  also  go  out  and  seek  sponsorship  in  areas 
where  we  -feel  we  do  not  have  sufficient  activity,  so  there  is  an 
interactive  mechanism  that  takes  place  and  We  feel  that's  impor* 
tant  because  this  is  the  mechanism  to  ensure  that  ,  the  research, 
work  is,  in  fact,  relevaht.  On  the  other  hand,  it  require  the  input 
from  the  research  side,  too,  to  be  sure  that  what  we  see  as  the  ap- 
propriate balance  and  direction  is  maintained.  a  a 
.  Mr.  Walgren.  Do  you  have  real  concerns  that  the  Federal  Gov- 
ernment may  get  involved  in  funding  in  this  area  of  efforts  that 
are  just  off  the  mark,  or  is  it  your  experience,  looking  at  the  way 
the  "National  Science  Foundation  and  the  Bureau  of  Standards  and 
the  Commerce  Department  and  the  Department  of  Defense  have 
been  directing  Government  efforts  in  areas  that  Clearly  ought  to  be 
addressed? 

Dr.  Pittman,  Well,  in  hindsight  it  is  ceVtainly  always  true  in  this 
kind  of  research  environment  to  look  back*  and  find  examples  of 
things  tKat'wete  funded  that  were  off  the  mark,  whether  it  was  by 
Government  or  industry  or ^anyone  else,  so  in  retrospect  there  are 
bound  to  be  some  fcjihtfes  flTTthmis^irections.  If  thete  are  not,  the 
program  is  not  f*eally  aggressive  enough. 

Tne  mechanism  that  we  feel  is  important  in  this  respect  is  this 
interaction,  intercourse  between  industry  and  the  academic  side, 
the  sort  of  customer-Buppfier  relationship  that  Dr.  Tesar  spoke  of. 
If  that  is  pursued  and  effectively  exercised,  this  can  Berve  to  mini- 
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mi/e  the  kind  of  missteps  that  we  are  concerned  about,  but  there 
certainly  will  be  some. 

#  Mr.  Walgren. 'Well,  thapk  you  very  much  for  your  testimony. 
We  certainly  appreciate  it.     '       •  J 
.  Mr.  Mm:Kay  Excuse  me* 
.)Ar.  WaV  okkn  Oh,  f  m  sorry.  Mr.  MacKay? 

,  Mr.  MacKay.  1  would  just  like,  to  get  you  to  comment  in  any  way 


woitfd  have  a  role  in  trying  to  look  at  fhanpower  needs  in  a  20  Qr 
30  year  timeframe.  Do  you  see  the  shortage  of  skilled*  highly 
trained  manpower  as  a  bottleneck  in  this  whole  technology  thing? 

Dr.  PittmAn.  Yes,  it  certainly  is,  both  near  term  and  longfcr 
term.  I  believe  that  one  of  the  pacing  items  right  now  ip  more  rap- 
idly advancing  robotics  and  other  forms*  of  automation  in  indus- 
try—actually getting  it  in  place  and  operating  in  factories— is  lack 
of  adequately  prepared  manpower  in  industry  to  do  this,  so  there  is 
a  near-term  problem  in  this  manufacturing  oriented  area.  Long 
term  there  is  a  potential  probjejnr)  of  a  very  r6al  nature  in  providing 
adeciuute  manpower  not  only  to  carry  on  the  kind  of  research  work 
that  h  going,  to  keep  us  in  the  forefront  in  this  race,  literally,  but 
also  to  provide  the  recipients  for  that  technology  within  industry. 
ThiSvcan  perhaps  be  the  greatest  threat  to  the  effective  transfer  of 
this^echnology  to  useful  implementation,  so  there  is  a  very  defi-' 
nite  manpower  consideration  there.  • 

Now  what  the  Federal  role  should  be,  there  could  be  some  debate 
on  because  there  certainly  is  the  real  danger  that  you  could  overre- 
act, create  supply-demajia  imbalanceSyand  So  on,  but  it  seems  to  us 
that  at  the  present  time  there  is  a  definite  shortage  in  both  these 
scores  and  that  encouragement  to  get  promising  young  people  to 
, pursue  this  line  is  very  much  in  order,  so  any  means  that  would  do 
that  at  the  present  time  certainly  seems  to  be  very  appropriate. 
Mr. ^MacKay. .Thank  you,  Mr.  Chairman. 
Mr.  Walgrkn.  Thank  ^ou,  Mr.  MacKay. 

Well,  we  certainly  appreciate  your  testimony  and  especially  your 
being  a  resource  to  the  committee.  Clearly  the  Robotics  Institute  is 
an  example  of  the  private  sector  showing  a  very  constructive  direc- 
tion to  go,  and  doing  that  before  the  Federal  Government  was  able 
to  agree  on  any  specific  structural  initiatives  in  that^prea.  We  do 
look  on  vou  as  a  prototype  of  efforts  that  we  migh^tengthen,'so 
.  we  will/look  forward  to  talking  with  you  in  the  future  ^bout  how 
the  institute  is  progressing.  '  *  '  „ 

Dr,  Pittman.  Thank  you  very  much,  Mr,  Chairman. 

Mr.  \^AL£iiuw^Thank  you,  Dr.  Pittman. 

We  have  been  joined  by  the  chairman  of  the  full  committee,  Mr. 
Kuqua,  who  has  been  interested  in  this  area  over  a  period  of  time 
and  is  ther  sponsor  of  one  of  the  most  prominent  bills  and  sugges- 
tions, U.K.  4047.  We  Specifically  moved  this  hearing  from  the  full 
committee  room  down  to  this  room  because  we  thought  it  might  be 
a  conflict  of  interdat  to  have  your  portrait  up  in  back  of  the  chair- 
man.  (Laughter.]  \ 

Mr.  Waujkkn,  I  now  realize  that  we  are  surrounded  by  more  pic- 
turen  of  things  that  you  may  be  more  directly  responsible  for  than 
almoHt  any  other  Member  of  Congress,  so  we  have  sort  of  gotten 


you  think  appropriate 


Government 
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out  of  the  frying  pan  into  the  fire  as  far  as  being  in  a  room  that 
testifies  toyou^  accomplishments  in  the  Congress. 

So  we  are,  aj*any  subcommittee  chairman  would  be,  very  delight- 
ed you're  here,  t 

STATEMENT  OF  HON.  DON  FUQUA,  A  MEMBER  OF  CONGRESS 
FROM  THE  STATE  OF  FLORIDA,  /Nl)  CHAIRMAN,  COMMITTEE 
ON  SCIENCE  ^NI)  TECHNOLOGY 

Mr.  Fuqua.  Well,  thank  you,  Mr.  Chairman,  and  I  certainly  ap- 
preciate your  kind  remarks,  as  always.  Let  me  say  that  I  hope  the 
bill  can  stand  On  its  own  and  rfot  be  intimidated  by  me. 

Mr.  Chairman,  I  do  appreciate  your  cooperation  in  holding  these 
hearings.  I  think  thai  the  United  States  must  improve  its  methods 
of  manufacturing.  Vvnat  most  needs  to  be  done  is  up  to  industry  to 
decide  but  there  is  a  Federal  role  in  supporting  research,  helping 
ensure  that  education  is  available,  and  stimulating  industry  to  get 
on  with  the  job,  and  this  hearing  that  you  are  holding  today  re- 
gards legislation  to  improve  the  needed  Federal  role. 

As  a  principal  sponsor  of  both  the  bills  on  automated  manufac- 
turing and  robotics  which  are  before  you  today,  I  urge  you  to  favor- 
ably consider  this  legislation  and  come  forth  with  a  bill  that  con- 
tains the  best  elements  of  these  bills.  I  will  explain  my  bills  to  you 
but,  before  I  do,  I  want  to  take  a  look  back  at  the  big  picture  of 
what  these  bills  are  all  a  part  of. 

On  a  global  level  we  have  a  world  of  finite  natural  resources  and 
increasing  population,  and  in  order  to  have  any  hope  of  providing  a 
comfortable  life  for  the  world's  people  we  must  make  continually 
more  effective  use  of  resources  which  are  getting  continually 
scarcer.  There  is  only  one  way  to  accomplish  this— through  im- 
proved technology.  The  area  of  manufacturing  is  readv,  in  my 
view,  to  move  quickly  ahead  in  technology  and  we  should  take  ad- 
vantage of  this  opportunity. 

On  the  national  level,  the  United  States  is  faced  with  stiff  compe- 
tition from  our  friends  abroad  in  •nonmilitary  goods.  Japan  in  par- 
ticular has  mounted  a  concerted  effort  to  introduce  new  technology 
into  manufacturing.  They  have  already  had  a  big  lead  on  the 
United  States  in  the  applications  of  robotics  to  manufacturing. 

.Within  Congress  there  has  been  a  great  deal  of  concern  with  the 
need  to  get  science  and  technology  into  the  ecqfriomy  more  effective- 
ly. Our  Committee  on  Science  and  Technology  has  pursued  issues 
of  science  . and  technology  for  the  economy  vigorously  for  years,  and 
i;you  and  your  subcommittee,  Mr.  Chairman,  have  takei)  tfre  lead 
for  thik  committee  in  this  area.  Last  year  you  were  the  leader  in 
^our  consideration  of  antitrust  relief  for  joint  research.  This  year 
you  have  looked  at?  patent  policies,  ideas  for  technology  foundation, 
and  now  automated  manufactufittgf  in  addition  to  your  e^ctehsive 
work  in  other  areas.  ' .      .  ^ 

In  much  congressional  action  on  issues  of  science  and  technology, 
we  have  been  able  to  avoid  being  partisan.  In  May  the  House  voted 
Unanimously  in  favor  of  the  bill  providing  for  antitrust  relief  for 
joint  research  and  4^velopn$tfn#  Senator  (lotton  and  1  have  been  in 
agreement  on  the  need  for  Attention  to  manufacturing  technology, 
and  I  hope  this  spirit  continues  because  th(J  country  needs  it.  This 

♦  j 
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is  the  spirit  of  being  practical  about  what  is  required  and  working, 
to  provide  it  i    '  * 

Let  trie  now  turn  to  legislation  on  automated  manufacturing  and 
robotics.  I  have  been  interested  in  these  issues  for  some  time,  and 
many  of  the  people  in  this  room  have  consulted  with  me.  and  me 
with  them  more,  and  I  was  on  the  receiving^end  of  a  lot  of  informa- 
tion about  that.  In  1979  we  sponsored  a  ccjhference  on  technology ♦ 
and  innovation  for  manufacturing.  My  thinking  fsjhat  several 
kinds  of  government  actions  can  spur  automated  manufacturing. 

Last  September  I  . introduced  a  package  <5f  tfrree  bills  to  provide 
Government  action.  The^fu^oMhese  bills,  H.R.  4046,  would  stimu- 
late the  leasing  of  automated  man ufacttflring  systems  and  robots. 
That  bill  has  been  referreow  Mr,  LdFalce  a  subcommittee.  The 
second' bill,  H.R.  4047,  is  befofe  you  today  ana  I  will  have  more  to 
say  about  that  later.  The  third  bill;  HJR.  4048,  would  provide  tax 
credits  for  the  purchase  of  automated  m&nufacturingvequipment  or 
robotics,  and  was-referred  to  the  Comihitteee  on  W^ys  and  Means 
and  so  it  Is  ript  beiore  us.  *    !   *  "« 

When  I  introduced  these  bills,  I  put  an,  explanation  of  them,  in 
the  record,  and  I  would  like  at  this  time  to  ask  that  that  explana- 
tion be  part  t>f  your  hearing  record,  '  *  Vi  • 

Mr.  Waloren.  Without  objection.      ■  , 

[Material  to  be  supplied  follows:]     ,      !  ^  ' 

1  (From  the  CongroMlonal  Record.  Friday,  S«fpt.  80,  1983)  • 

.  Billh  on  Automated  Manufacturing  and  Robotics 

(By  Hon.  Don,Fu<iua)^ 

Mr.  Fuqua.  Mr.  Speaker,  today  I  am  introducing  a  Jackie  of  three  bille  to  stimu- 
late  the  development  and  use  of  automated  manufacturing  systems  and  robots. 
These  bills  ar*e  the  Robotics  and  Automated  Manufacturing  Systems  Research  and 
Education  Act  of  1983,  the  National  Robot  and  Automated  Manufacturing  System*' 
Leasing  Act  of  1983,  and  an  unnamed  bill  which,  provides  a  tax  credit  for  the  pur- 
chase of  this  equipment.  I  am  joined  in  introducing  these  bills  by  my  colleagues,  the 
Honorable  Al  Gore  of  Tennessee,  the  Honorable  George  E.  Brown,  Jr.  of  California,  . 
the  Honorable  Buddy  MacKay  of  Florida,  and  the  Honorable  Sherwood  Boehlert  of 
New  York.  I  invite  all  MembVrs  of  the  House  to  joi&in  cosponeoring  any  or,  all  of 
theae.three  bills.  -  .  '*  ' 

For  the  -past  4  years  the  Committee  on*  Science-  and  Technology,  particularly 
through  our  Subcommittee  on  ^Science,  Research  and  Technology,  has  been  investi- 
gating innovation  and  productivity  in  the  United  Slates.  We -have  been  informing 
ourselves  broadly  through  oversight  hearings,  tajking  legislative  initiatives  when  we 
believed  they  were  desirable,  and  cooperating  wjfth  of  her  committees  of  Congress.  In 
June  the  Subcommittee  on  Science,  Research  aftd  Technology  held  7  days  of  hear- 
ings jointly  with  the  Task  Force  on  Education  aiid  Employment  of  the  House. 
Budget  Committee  on  the  subject  of  technology  ana  employment.  In  October  the 
same  subcommittee  ie  marking  up  a  bill  to  encourage  joint  research  and  develop* 
ment  work  among  private  firms.  '  * 

Several  examinations  of  automated  manufacturin&and  robotics  have  been  includ- 
ed among  the  committee's  studies,  the  largest;  of  V?hich  were  a  2-day  seminar  on 
technology  and  innovation  for  manufacturing  which;!  sponsored  in  1979  and  2  days 
of  hearings  on  robotics  held,  by  our  Investigations*  and  Oversight'  Subcommittee 
chiired  by  the  Honorable  Al  Gore  in  1982.  U.  * 

The  country  thaK  leads  the  world  in  the  technologies  of  manufacturing  has  the 
potential  to  lead  t He  world  in  manufactured  products  by  applying  those  technol- 
ogies. Unless  the  United  States  makes  a  malor  effort  now,  that  country  is  going  to 
be  Japan.  The  Manufacturing  Studies  Board  of  the  National  Research  Councilre- 
ported  in  1981  that  the  ^population  of  robots  in  Japan  was  6,000  while  the  United 
States  had  tt,500.  In  1982.  at  our  Investigations  and  Overflight  Subcommittee  hear- 
ings, investment  analyst  Paul.  Aron  reported  14,246  Japanese  robots  versus  4,700  in 
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thev  United  States,  Mr  Aron'n  report  which  appeared  this  year  notes  81,900  in 
Japan,  and  b\H04  in  the  UnKed  Htafew.  In  the  broader  fi?td'of  automated  manufac- 
turing— whe;*e  several  robots  or  other^  automated  machines  are  integrated  into  a 
system  to  produce  an  entire  product— the  United  States  faces  an  equally  strong 
challenge.  Earlier  this  year  JL  visited  the  Fanuc  robot  plant  in  Japan  where  vthe 
people  go  home  at  night  and  the  plant  keeps  wording. 

To  develop  the  technologies  or  robotics  Jpd  automated  manufacturipg,  research 
and  development  ia  needed.  Most  of  this  research  and  development  must  be  in  the 
private  sector  to  be  effective;  it  must  be  tied  Xo  specific  ,rebotic  and  automated  man- 
ufacturing products,  There  is  a  Government  role,  however,  in  developing  such  equip- 
ment for  its  owrr. specialized  uses— such  as  in  space,  defense,  and  radioactive  materi- 
als handling— and  in  supporting  research  and  development  which  is  not  product-spe- 
cific and  is  not  liltely  to  be  pursued  by  industry  because  of  its  long-range  or  risky' 
nature,  to  allow  commercial  technology  development  there  is  also  a  need  for  people 
trained  in  that  technolgy.  The  limiting  factor  in  electronics  and  computers  now  is 
people.  Without  expanded  education  in  robotics  and/automated  manufacturing  these 
fields  will  also  be  limited  by  the  availability  of  trained  American  personnel.  Tbfc  Ro^ 
botics  and  Automated  Manufacturing  Systems  Resea*clL*tid  Education  Act  of  1983 
provkles  for  a  Federal  role  in  these  areas  which  I  believe  to  be  thfe  right  role. 

Robots  arjd  automated  manufacturing  are  new  technologies  and  their  introduction 
in  a  company  involves  both  fear  of  the  unknown  and  risk  of  failure.  To  offset  fear 
and  risk  the  Federal  Government  can  provide  financial  incentives  and  make  tfyese 
technologies  more  easily  available.  That  is  what  the  tax  credit  and  leasing  bills  1  am 
introducing  to  day  would  accomplish.  H 

From  the  June  hearingj  on  technology  and  employment,  it  is  clear  that  robots 
and  automated  manufacturing  equipment  will  displace  workers  in  some  job  special- 
ties. But  the  displacement  likely  to  be  caused  by  new  technology  is  a  small  fraction 
of.  the  unemployment  that  will  occur  if  our  industries  are  not  competitive.  As  a 
nation  we  must  find  a  way  introdjpe  new  technologies,  such  as  robots  and  auto- 
mated manufacturing  systems,  and  ffrotect  the  welfare  of-our  workers  at  the  same 
time.  This  is  a  position  both  labor  and  management  caq  support  and  did  support  at 
our  recent  hearings.  The  legislation  I  am  introducing  togay  does  not  deal  with  the 
issues  of  displacement  and  retraining,  I  am  not  persuade^  legislation  is  needed.  I  do 
plan  to  study  this  issue  .further,  however.  /  V 

Summaries  of  the  three  bills  follow:      .  ,•'  * 

"Robotics  and  Automated  Manufacturing  Svstiems  Research  and  EpucXtion 

Act  of  1983 

ma.  research,  h.r.  4047 

"I.  The  National  Science  Foundation  (NSF)  K  authorized  to  fund  centers  for  in- 
dustrial technology  devoted  to  robotics  and  automated  manufacturing  and  to  fund 
project  gfants  in  the  same  fields.  The  centers  are  intended  to  be  established  through 
cooperative  efforts  between  universities  and  industry  Areas  of  emphasis  for  both 
centers  and  individual  project  grants  should  include:  manufacturing  processes,  con- 
trol systems,  sensors,  sensory  data  analysis,  software  development,  kinematics  and 
dynamics;  machinery  design,  teleoperation,  artificial  intelligence,  human  argmenta- 
tion  and  prosthesis,  and  humankind  economic  factors  associated  with  tjie  introduc- 
tion of  robots  ond  automated  manufacturing  systems  into  society. 

"2.  A  Federal  Research  CeYtter  on  Robptict  and  Automated  Manufacturing  is  es- 
tablished at  the  Nalion&l  Bureau  of  Standards  (NBS).  This  Federal  .Center  would 
focus  its  research  on  measurements  and  standards  required  in  Robotics  a »A;>'t to- 
rn dted  manufacturing  systems  as  well  as  systems  integration >  reliability  arrj  per- 
formance. • 

"8.  The  Department  of  Commerce  is  directed  to  promote  the  formation  of  limited 
research  and  development  partnerships  in  the  area  of  robotics  and  automated  ^man- 
ufacturing systems,  Such  partnerships  would  require  no  Federal  participation.  The 
Department  is  already  engaged  in  promoting  partnerships,  though  not  necessarily 
in  these  areas.* 

EDUCATION  AND  TRAININO  ' 

The  NSF  is  authorized  to  support  the  education  and  training  of  personnel  needed 
in  robotics  and  automated  manufacturing.  Support  would  be  provided  for  graduate 
fellowships,  undergraduate  scholarships,  Instructional  equipment,  curt/iculum  devel- 
opment and  post-doctorate  fellowships.  / 
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/  "The?  National  Research  (Council  in  directed  to  rview  Federal  effort*  in  robotics 

and  automated  manufacturing  and  report  its  findings  and  recommendations. 


»  "d.  authorization  amounts 


t  ^  '  a  lln  iwHwns  of  dofUrs) 


fiscal  year — 
19*1        ; .  1985  )986-90 


♦  «  NSF  Research  ;   20.0Q  40.00  50.00 

NBS  Centers   10.00  10.00.  10.00 

DoC  RAO  partnerships  .  s       2.00  2.00  .  2.00 

ASF  education  and  training   +   .      5.00  7.00  •  lo!oO 

Program  review  -\/  *   0.25  0^5  0.25 

Total   3*25         59.25  V  72.25 

•  ■  ^ 

"National  Honor  and  Automated  Manufacturing  Systems  Leasing  Act  of  1983 

"A.  LEASING  CORPORATION,  H.R.  4046 

"A  National  Robot  and  Airiomated  Manufacturing  Systems  Leasing  Corporation 
is  authorized^)  be  establishea.  the  Federal  government  would  set  the  Corporation 
up,  but  the  Corporation  would  be  a  for-profit  private  firm  rather  than  a  government 
agency.  An  appropriation *of  $1  million  \t  authorized  to  start  the  Corporation  in 
businessl  but  it  Would  be^epaid  to  the  government  ' 

'    "fl.  LOW  INTEREST  LOANS  FOR  LEASING  , 

"The  Federal  government  would  pay  one~thircU>f  the  interest  'due  on  loans  made 
for  the  jeasirig  of  robots  or  automated  manufacturing  systems  to  small  businesses  or 
for  short  terms,  making  such  equipment  more  economical  to  acquire.  An  authoriza- 
tion of  $20  million  per  year  for  the  Federal  share  of  interest  is  provided  for  fiscal 
years"! 984  through  1990.  #  J 

"ADDITIONAL  TAX  CREDIT,  H.R.  4048 

*  "A  tax  credit  of  10  percent  (in  addition  to  other  tax  credits)  would  be  allowed  for 
the  purchase  of  robots  or  automated  manufacturing  systems."  * 

Mr.  Fuqua.  Although  these  bills  present  a  coherent  program, 
each  of  them  stands  on  its  own  and  I  doubt  .very  seriously  that  all 
0  three  wffl  Be  enacted  in  this  Congress,  but  the  passage  of  H.R.  4047* 
alone  would  be  a  strong  tftep  forward. 

Last  November,  in  order  to  put  Senator  Gorton's  bill  before  the 
House,- 1  introduced  it  as  H.R.  4415>  and  it  is  also  before  you  today, 
Senator  Gorton,  I  understand,  will  be  testifying  tomorrow  and  will 
be  describing  his  bill  to  you  himself,  so  I  will  not  get  into  the  sper 
cifics,  but  let  me  only  say  that  ,  many  of  the  provisions  of  his  bill 
are  similar  to  the  provisions  of  H.R.  4047,  so  it  has  got  to  be  a 
f>ref!ty  good  bill. 

Now  I  want  to  tell  you  about  H.R  4047.  This  bill  is  called  the 
Robotics  and  Automated  Manufacturing  Systems  Research  and 
Education  Act  of  1983.  I  would  suggest  the  title 'be  amended  to  say 
1!)84.  This  bill  provides  foroboth  R&D  and  education.  In  R&D,  the 
bill  proposes  activities  for  the  National  Science  Foundation,  the 
National  Bureau  of  Standards,  and  the  Department  of  Commerce. 


er|c  2i)8 
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The-NSF  is  authorized  to  fund  centers  for  industrial  technology 
devoted  to  rqbotica  unci  automated  ^manufacturing -and  to  fund  . 
projects  and  grants  in  these  fields.  The  centers  are  intended  to  be  a 
cooperative  effort* between  universities  and  private  industry.  Areas 
of  "emphasis  for  both  centers  arid  project  grants  would  include  man- 
ufacturing processes,  control  systems,  sensors,  sensory  data  analy- 
sis, software  development,  kinematics  and  dynamics,  machinery 
design,  teleoperation,  artificial  intelligence,  human  augmentation 
and  prosthesis,  and  human  and  economic  factors  associated  with  an 
introduction  of  robotics  and  automated  manufacturing  systems  into 

society;  \  '  "         .  ,  .  .  . 

The  bill  would  establish  Federal  Research  Center  in  Robotics  ana 
Automated  Manufacturing  at  the  National  Bureau  of  Standards'. 
This  Federal  center  Would  focus  its  Research  on  measuring  and 
standards  required  in,  robotics  and  automated  manufacturing  sys- 
tems, as  well  as  on  systems  in£egrationr-reliability,  and  'perform- 
ance. The  bill  would  direct  the;  Department  of  Commerce  to  pro- 
mote the  formation' of  limited  R&D  partnerships  among  private 
participants  in  the  area  of  robotics  and  automated  manufacturing 
systems.  Such  partnerships  would  invojve  no -direct  Federal  partici- 
pation. •  Vt  •  I 
In  education,  the  bill  provides  for  a  role  for  only  the  National 
Science  Foundation.  The  NSF  is  authorized  to  support  the  educa- 
tion and  training  of  peAonnel  needed  in  robotics  and  automated 
manufacturing.  Support  would  be  provided  for  graduate  fellow- 
ships, undergraduate  scholarships,  instructional  equipment,  cur- 
riculum development,  and  postdoctoral  fellowships.  Much  as  is  the, 
case  with  other  high  technology  areas  such  as  electronics  and  bio- 
technology, there  will  certainly  be  shortages  of  trained  people  to  do 
the  jobs  that  will  be  available  in  automated  manufacturing  if  we  do 
not  act  to  provide  training.  . 

Finally,  the' bill  would  require  a  review  of  the  overall  program  by 
the  National  Research  Council.  The  bill  would  provide  authoriza- 
tions for  i years  araouittihg  to  $37  million  for  the  first  year,  $5| 
million  for  the  second/and  $72  million  in  each  of  the  following  5 
years.  The  program  wbuld  sunset  automatically  if  these  authoriza- 
tions were  not  renewed.  . 
.    Mr.  Chairman,  under  the  able  guidance  of  Senator  Gorton,  the 
counterpart  bill  in  the  Senate  has  already  been  passed.  As  I  said  at 
the  start  of  my  testimony,  I  hope  under  your  able  leadership  that\ 
this  legislation  will  be  favorably  considered.  The  progress  of  tech- 
nology is  essential, to  everyone.  This  legislation  provides  a  sensible 
Federal  role  in  encouraging  the  technologies % of  robotics  and  auto- 
mated manufacturing.   .  .  .■'( 

I  will  be  happy  to  answer  any  questions  if  I  can  answer  them. 
Otherwise,  there  are  some  experts  sitting  right  behind  me. 
Mr.  Walouen.  Well,  thank  you  very  much  for  that  testimony. 
How  do  you  apportion  the  funds  that  might  be  able  to  be  directed 
in  this  area  between  the  Federal  Robotics  Center  and  the  centers 
that  would  be  in  the  university  community  and  in  private  indus- 
try? 4   •  ^ 

Mr.  Fuqua.  Well,  I  think  that  wd*ld  be  <jhe  agencies  that  would 
be  responsible  for  Jhese.  We  are  not  trying  to  micromanage  them. 
Also,  it  would  be  supervised,  as  I  mentioned,  by*  the  National  Re- 


search  Council,  and"  thaj  wduld  fce  from  an  o^rsight*  standpoint  I 
thin'H  the  agencies  iftyolved  would  he  able  .to  rtiaW6  that  determina- 
tion of  how, the  funds 'would  be  appropriated. 

Mr.  Walgren,  And  the  education  component  vfoulfl  be  the  same 
at  that  point— —  1  X  '  '  *  * 

jMr.  Fuqua.  Yes.  X 

Mr.  Walgren  [coi^kihuing].  AndJVou  would  be  balancing  those  . 
j  funds  am6ng  those  three  functions,  then.  "  *  ■  ■  . 

Mr.  Fuqua.  I  think  it  would.be  difficult  to  have  a  hard  line  at* 
4  this  juncture.  Later  we  might  be  able  to  more  specifically  identify 
the  areas,  that  need  further  attention,  but  I  think' as  we  move  fur- 
ther into  the  operation  of  frhe  pro£raih,  the  7-year  program,  then 
we  may  be  more  spepifu!.  At  the  initial  stages  of  ii^*rr\^riot  sure 
that  we  can  rfally  pin -down  how  ihuch  should  go  .into  graduate  fel- 
lowships' vprsus  some  of*the  other  needs  if  the  program, 

Mr.  Waixjren.  And  you,  as  I  understand  it,  are  staying  away 
from  picking  induriflual  indugtries  like  the  autorftotive  industry  or 
the  steel  industry  pr  electronics,  but— — 

Mr.  Fuqua.  Well,  they  are  alUfca'hdidates,  but  I.  think  that  also 
should  be  determined  and  We  afe  not  trying  to  focce  this  on  any- 
body, but  I  think  all  ofkthcfee  industries— and  I  outlined  a  lot  of 
areas  that  could  .utilize  eJutomaTed  and  robotic  machinery— I  think 
it  would  be  up  to  those  /ndusfttfes  to  make  knov^  their  wishes  or 
desiresf  We  are^not  trying  to,  through  Congress,  mandate  to  the 
automotive  ^industry  9r"the  steel  industry  that  they  should  auto- 
mat?. 

However,  the  economjcp  of  the  situation,  as  I  mentioned,  has 
automated  a  great  portion  of  the  automobile  industry  and  niade  it 
much  more  competitive  and  strengthened  it  economically,  and  I 
think- that  will  probably  be  true  of  othef,  industries,  particularly 
steel  land  some  of  the  others.  *        '  * 

Mr.  Walgren.  We  wxnild.be  focusing  iiPsort  of  a  mote  generic 
way,  would  we  not,  rather  than  by  picking  an  industry  and  trying 
to  strengthen  that  industry.  .We  wouM  avoid  that  kind  of  conflict 

Mr.  Fuqua.  I  thjink  that  WDiriid  be  a  very/bad  way  to  go,  for  the 
Congress  oh  the  Government  to  decide  thj*  this,  specific  industry 
needs  help  and  we  are  gorag  to  help  you,  whether  you  want  it  or 
„not.  I  think  the  industry  has  to  make:  that  decision  themselves,  but 
we  would  be  available  and  I  think  it  vould  be  attractive  io  aU  in- 
dustries. How  could  vte  say  we  would  pick  the  automotive  industry, 
over  say  the  utility  industry  or  ppwer  indufltty^^r  if  you  wei<e  man- 
ufacturing motorcycles  as  the  Japanese  are  domfcL  with  automa- 
tion?        ;        ^       .     ,  .  ^ 

So  I  don't  thirfk  we  could  sit  hqre  and  say  vye  willrch©6se  ohe  in* 
dusfcry  someplace  above  sometfody  else,  but  I  think /industry y  once 
we  get  in— and  we  need  to  get  in  as$ffrany  industries  as  we  can- 
once  th^y  see  the  benefits  of  it,  thofie.  in  that  industry,  whether  it 
be  ih  agffculture  or  other  types  of  industries,  I  think  tfym  they  wijl 
realize  the*  importance  of  it.  Agriculture' is  already  automated,  a 
very  highly  automated  Industry,  anjd  it  dtdrt't  take  farmlN  very 
long  to  understand  that  they  needed  that  in  Jtalgr  to  beWkunpetitive 
because  of  cost  of  production.    .  W 

Mr.M  Wai&ren.  Well,  it  certainly  seftms  to  qnake  Sfense  because 
I'm  sure  of  a  much?  more  ready  consensus  oh  supporting  areafl  df 


general  applicability  than  specific  m^glicability,  even  though  I  come 
from  an  area  that  would  sure  like  to  wee  some  specific  applicability. 

Mr.  F.uqua,  Well,  I  think  there  could; be.  The  steel  industry  is  b 
very  vital  industry  to  this  country' and  I  know  of 'your  concerns 
;about  that  I  think  it  would  be  ja  prime  candidate,*  but  I  don't  think 
we  shcruld  single  out  any  one  industry.  It  would  be  available  for 
,  steel,  aluminum,  or 'whatever  that  might  see  fit  to  participate  in 
one  of  the  programs,  pnd  I  would  encourage  them  to  do  that. 
.  MV.  Walgren.  I  guess  what  I'm  driving  at  is,  we  certainly  should 
be  in  a  position  of  saying  we're  not  picking  one  winner  or  one  loser 
Or  direfcting  the  outcome  of  the  private  marketplace.  Rather,  we' 
are  saying  thai* there  is  a  broad  need  in  this  area  that  is  applicable 
in  dll  or  a  wide,  wide  range  of  the,.Anpericah  economy,  and°if  we 
put  the  scientific  know-how  in  place  to  satisfy  that  need  in  all 
those  areas,  we  W9uld  Ije  doing  something  that  no  one  should  have 
great  problems  with. 

Mr.  FuquA;  And  I  think  the  economic  incentives  will  be  there  to 
make  it  attractive  to  industry,  but  right  now  we  have  not  pn, 
the  catalyst *t0  get  this  information  arid  this  know-how  thrtfugh  the 
training  in  our  coHeges  and  universities  or  even  understanding  it 
iii  the  Government'  out  in  the  field. 'It's  a  field  that  I  don't  profess 
to  be  an  expert  in,  but  there,  are  many  experts  who  have  vision  and 
who  see  that  this  is  a  field  tj&at  has  great  potential 

I  mentioned  some  of  the  social  concerns  which  we  must  be  aware 
of  but,  on  the  other  hand,  I  think  just  like  when  hvp  stopped  the 
buggy  whip  factories  and  the  c&ndlemakers,  people  sliifted  to  other 
jobs  and  they  were  made  available  to  them.  Had  we  d^ntinued  to 
prop  up  and  support  through  various  methods  buggyNvWp  and 
"candle  manufacturers,  we  would  probably  be  a  very  backward  soci- 
ety today.  We  did  not  <)o  that,  ^rhe  economics  took  force,  and  the 
people  that  shod  the  horses  started  changing  the  tires  on  the  auto- 
mobiles. The  candlemakers  started  malting  HghjlJjWlbs,  and  so 
these  types  of  things  certainly  are  societal  changesTlnd  we  must 
not  dtyeep  that  under  the  r^ag,  but  I  think  that  in  the,  long  run  soci- 
ety will  be  much,  much  better  off  in  this  country  and  the  world 
economy  that  we  live  in  will.be  much  more  competitive. 

Mr.  Walgren.  Well,  thank  you  very  much. 

Mr.  MacKay?  * 

Mr.  MacKay.  Yesterday  we  heard  representatives  from  the  De- 
partment of  Commerce  basically  say  that  they  were  opposed  to  the 
idea  of  Government  getting  into  this,  and 'I  think  that  reflects  the 
fundamental  philosophic  position  of  'the  Reagan  administration, 
that  the  Government  should  be  involved  in  basic  research.  You  are 
basically  suggesting  in  this  legislation  that  there  is  a  role  for  Gov- 
ernment in  generic  technology  research. 

Mr.  Kuqua.  Well,  there  is  a  perception,  "Let 'George  do  it."  That 
has  been  a  perception  that  nas  been  around  for  a  long  time, 
"George"  being  industry,  but  George  ain't  going  to  do  it.  That's 
where  the  Government  needs  to  be  that  bridge  to  get  that  technolo- 
gy to  "George/1  being  industry;  so  that  he  can  do  fhat.  That  is  an 
unfortunate  perception  that's  held  by  many  people  publicly  in  this 
administration,  not  neceesarHy  all  privately, 

Mr.  MacKay.  Thank  you.  - 

Thank  you,  Mr.  Chairman.  ^ 

■> 
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Miv  Waixwikn.  Mr.  hunt  line? 

Mr.  Lundink.  When  my  chairman  Hays  that  he  has  got  some  bills 
we  ought  to  move  on,  I  don't  have  any  questions:  [Laughter.) 

Mr.  Fuqua.  Well,  let  me  say  in  Mr.  Lundine's  defense  that  he 
has  been*  very  active  «in  this  area  on  other  committees  and  on  tfiis 
committee,  and  I  krtow  his  deep  feelings  about  this.  It  has  been  ah 
area,  particularly  in  innovation  and  productivity,  that  he  has  been 
.very  interested  in,  and  I  applaud  him  for  the  work  that  he  has 
done  over  the  years  in  those  areas.  ' 

Mr.  Wauskkn.  I  will  be  curious  to  see  what  the  answer  t?  this  is: 
Dr.  Tesar  had  charts  of  Government  investment  in  different  lines 
of  manufacturing,  and  we  all  know  the  heavy  investment  rn  aero- 
space governmentally,  the  heavy  investment  in  agriculture,  but 
also  at  least  in  this  instance  there  was  very  heavy  investment  of 
governmental  effort  in  heavy  manufacturing,  and  that  seemed  to 
huve  an  electrical  generation  and  power  component  to  it.  Then 
when  you  turn  to  light  manufacturing,  the  Government  just  disap- 
peared. The  question  would  be,  why^did  the  Government  disap- 
pear? Why  is  it  ho  glaringly  present  in  its  supportive  role  ii>  fhese 
.other  very  important  parts  of  our  economy  and, so  strikingly  absent 
in  this  other  area. 

Mr.  FuquA.  Well,  let  me  cite  you  an  historical  example,  and 
that's  in  aviation.  In  World  War  I  the  United  State^  found  that 
they  did  not  have  any  airplanes  to  use  in  the  war,  and  the  enemy 
had  interdicted  aircraft.  It  was  the  first  time  an  airplane  had  been 
used  in  u-war.  We  had  to  buy  our  airplanes  from  Great  Britain  and 
France.  They  did  most  of  the  pilot  training  for  our  pilots.  The  Con- 
gress decided  after  World  War  I  that  no  longer  would  we  be  de- 
pendent on  foreign  sources  fojr  tUiis  critical  thing,  so  they  estab- 
lished a  National  Advisory  Committee  for  Aeronautics.  That  later 
•became  the  "A"  in  NASA,  and  it's  a  classic  case  of  the  Government 
doing  a  lot  of  the  basic  research  and  some  of  the  testing  with  joint 
ventures,  cost-sharing. with  industry.  Up  until  recent  years,  just  a 
few  years  ago,  the  United  States  dominated  the  world,  commercial 
aviation  and  general  aviation.  That  has  changed  somewhat  in  the 
last  fevy.years,  and  there  were  efforts  earlier  in  this  administration 
to  reduce  severely— and  you  recall  thut  in  our  committee,  and^|k 
fights  that  we  had  with  the  administration  over  fundings— basic  arar 
applied  research  in  aeronautics,  engine  development,  materials  and 
design.  We  prevailed,  and  now  the  administration  has  come  back 
and  said  it's  a  great  idea,  and  we  were  for  it  all  along.  But  that's  ax 
classic  case  of  where  Goverpment  involvement  has  been  a  great 
benefit  economically  to  this  country.  We  can  use  that  as  Qn  exam- 
ple4 of  how  i4  has  worked.  % 

We  are  ih  the  same1  situation.  I  did  not  see  Dr.  Tesar's  state- 
ments today.  Unfortunately,  I  was  presiding  oyer  another  hearing, 
but  I  h**ve  seen  them  before1  and  I  am  sure  they  are  very  similar  to 
the  ones  that  1  have  seen  before  with  very  alarming  statistics  as  to 
what's  happening,  particularly  in  small  manufacturing.  1  think  w 
cannot  ignore  that  fact. 

Mr.  Wamikkn.  tylr.  Hoehlert,  would  you  like  to- — 

Mr.  BoKHLKU'r.  Thank  you,  Mr.  Chuirman.    "+ . 


\ 

I  wniU  to  thank  the  distingikished  chairman  of  our  committee  for 
being  here,  and  I  want  to  toll  him  that  in  the  spirit  of  bipartisan- 
ship 1  am  with  you  100  percent  on  these  bills. 

One  of*he  good  fortunes 'I  had  as  a  freshman  was  being  assigned 
to  this  committee  under  your  leadership,  and  it  is  an  exciting  thing 
foe  me  to  be  involved  in  legislative  initiatives  like  this  because  I 
believe,  as  the  star  of  that  Bryadwny  plajf  believes,  we've  got  to  be 
concentrating  on  tomorrow.  You've  got  me,  Mr.  Chairman.  Pm 
with  you. 

M[r..FuQUA.  Thank  you  very  much.  I  knew  you  were  very  enlight- 
ened, Mr.  Boehlert.  v  ^ 

Mr.  Wauikkn.. Well,  thank  you  vyry  much.  You  etui  count  that 
the  committee  will  be  focused  on  this. 

Mr.  Fiu)ua.  Thank  yoq ,v 

Mr.  Wakorkn.  The  nexrwitness,  Dr.  Allen  Rosenstein,  is  a  pro- 
r  •  fessor  6f  Engineering  at  the  University  of  California  at  Los  Angeles 
and  chairman  of  Pioneer  Magnetics,  Inc..  also  based  in  Los  Ange- 
les, OA.  Dr.  Rosenstein,  we  certainly  welcome  you  to  the  committee 
and  we  appreciate  your  being  available  to  us.  There  are  relatively 
few  people  who  have  the  direct  experience  that  yoU  do  in  both  the 
«  private  sector  and  the 'academic  sector  and  have  given  as  much 
thought  to  where  we  ought  to  be  tfoing  as  you  have,  and  the  com- 
mittee certainly  appreciates  your  being Villipg  to  come  and  testify 
to  us,  so  please  proceed. 

STATKMKNT  OF  I) It.  ALLKN  H.  UOHKNHTKIN,  PROFESSOR  OF  BN- 
(JINKKKINt;,  IfNLVKRRITY.  OF  CALIFORNIA  AT  LOS  ANGELES, 
AND  CIIA1KM ArCnONfiKR  MAGNETICS,  INC. 

Dr.  Rosknstkin.  Mr.  Chairman,  members  of  the  committee,^  it  is 
really  a  pleasure  to  be -here  and  I  always  enjoy  following  Dr.  TesaV.  , 
I  learn  so  much  from  his  work  and  the  things  he  has  to  say.  ^ 

Our  company  sells  abroad  and,  as  a  consequence,  we  are  keenly 
aware 7>f  international  competition.  In  the  1%0's  a  study  which  we. 
conducted  at  UCLA  concluded  that  structural  defects  in  our  basic 
American  Institutions  and  important  shifts  in  our  cultural  values 
and  in  U.S.  educational  policies  guaranteed  an  ever-eroding  indus- 
trial base  and  a  long-terqi  decline  in  our  relative  quality  of  life. 
Our  exploding  U.S.  trade  deficit,  which  is  projected  to  exceed 
billion  this  year,- would  seem  to  confirm  these  predictions  of  nearly  .  \ 
20  years  ago.  ■  *  f 

-  Unfortunately,  even  today  there  is  a  greatly  imnroved  but^tiH 
limited  recognition  of  the  complex  cause* ,  of  our  industrial  demise, 
It's  very  Qnfortunate.  There  isn't  one  single  factor  that's  giving  us 
difficulty.  There's  a  whole  complex  of  factors,  Gfld  unless  we  reooff- 
nize  all  of  them  vtfeYe  not  going  to  fashion  mechanisms  and  bills  . 
which  will  properly  turn  aside  the  decline  that  we  ar^  experienc-  v  , 
ing. 

Haphazard  attacks  upon  current  local  manifestations  of  the    •  ^ 
much  larger  prohlem  will  only  dissipate  our  resources.  There  is 
also  h  great  need  to  recognize  that  we  have  a  dynamic  situation.  If 
»    wo  have  a  static  solution,  no  matter  how  good  it  is  at  the  moment*  \ 
•     it  is  absolutely  guaranteed  to  fuil  when  it  is  faced  with  the  dynam- 
ics of  our  society. 

*  ,    •  3  '-'     '  '    •  ■     ''  ■ 
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Implicit  irv,  many  of  the  bills  that  I  read  before  the  ,Congress 
^ today  is  a  belief  that  leadership  in  basic  research  and  technological 
.  innovation  will  ensure  industrial  competence  and  international 
trtfde  competitiveness.  The  bottom  line,  of  coufrse,  is  trade  competi- 
>   tiveness.  We  know  that  in  modern  society  we  have  an  international 
marketplace,  We  are  part  of  that  marketplace,  in  contrast  to  where 
we  were  f>0  years  ago  when  w^>iad  a  closed  society.  If  we  are  to 
maintain  our  quality  of  life  we  must  maintain  our  competitiveness 
in  the  international  marketplace 

Now  unfortunately  this  common  perception,  this  current  wisdom 
is  absolutely  untrue.  Basic  research,  technol(MBcal  innovation,  in- 
dustrial competence,  and  international  trade Competitiveness  are 
largely  independent  and  different  activities.  They  have  very  differ- 
ent constituencies,  different  processes,  different  performance  Crite- 
ria, and  in  particular  they  respond  to  very  different  sets  of  national 
policies! 

Competence  in  one  activity  is  simply  not  a  guarantee  of  success 
in  the  others,  and  there  are  just  hundreds  of  ex&njplies  to  prove 
this  fact.  For  example,  the  boeing  Aircraft  Co.  is' probably  the 
finest  aircraft  engineering,  manufacturing  company  in  the  world. 
There  is  no  question  abouUtheir  industrial  competence.  However, 
they  have  been  losing  out  consistently  over  the  years  in  the  inter- 
national aircraft  market,  and  we  have  lost  a  great  deal  of  foreign 
exchange  because  of  the  peculiarities  of  international  financial  and 
interest  rate  policies,  It  nud  nothing  to  do  with  their  manufactur- 
ing competence.  Trade,  interest,  and  financing  policy  foreclosed 
vBoeings  ability  to  compete  in  important  markets. 

U.S.  Steel  we  all  know  was  dismantled  by  Japan  using  technolo- 
,  gy  invented  here  in  the  United  States  but  never  applied.  The  trick- 
le-down theory  of  basic  research,  which  claims  that  throwing  more 
money  into  basic  research  will  somehow  trickle  down  mto  industri- 
al competence  and  international  trade  competitiveness,  does  not 
work  in  fact.  If  it  were^true,  we  would  not  havd  this'strange  anom- 
aly where  the  United  States,  leads  the  world  by  a  large  margin  in 
both  Nobel  science  awards  and  trade  deficits.  If  anything,  on  the 
average  the  data  would  indicate  that  there  is  a  strong  negative  oor-  , 
relation  between  scientific  capability  and  industrial  competence.  I 
always  hasten  to  add  at  this  point  that  some  of  my  best  friends  are  4 
scientists  and  I  wish  them  well; 

Our  prepared  statement  addresses  not  only  the  merits  oT  the  ex- 
cellent bills  that  we  have  been  asked  to  review  but  also  points  out 
an  interesting  pattern  that^could  provide  substantial  operational 
efficiencies^  The  basic  operational  functions  tb  be  penormed  by 
H.R.  2r)25,  lJKM,  481,  and  4:«>1  aVe  presented  on  page  3  of  our  writ- 
ten testimony  in  a  function  spread  sheet.  (I'm  sorry  I  don't  have 
something/to  put  on  the  board.)  We  believe  that  mechanisms  that 
would  create  UQ^L facilitate  consistently  successful  public  programs 
must  he  capable  Iff  four  basic  activities  or  functions. 

The  first  is  the  ability  to  acouire  a  comprehensive  international 
data  base.  ThV  second  is  that  of  Droblem  anticipation,  analysis  and 
the  consequential  assessment  of  alternatives.  The  third  is  public 
review  and  consensus  generation,  and  the  fourth  is  the  implemen- 
tation of  national  policies  that  cannot  be  facilitated  within  existing 
public/private  institutions. 
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If  we  glance  at  that  spread  sh&t,  we  can  see  that  H.R.  2525  ad-  * 
dresses  two  functions,  analysis  and  public  review.  H.R.  1234  has 
the  National  Academies  developing  a  data  base,  then  identifying 
f  strategic  alternatives,  and  finally  getting  public  advisory  commit- 
tees to  develop  a  public  consensus.  H.R;  481  provides  an  Office  of 
Technology  Policy  and  Analysis  to  look  at  tne  technology  policy 
analysis  questions.  Then  there  are  a  number  of  excellent  offices  for 
technology  policy  facilitation.  The  bill  is  slightly  limited  on  its  data 
base  generation  and  its  ability  to  provide  public  review.  H.R.  4361 
concehtrates  largely  on  technology  implementation.  However,  Con- 
gressman LaFalce  has  introduced  a  companion  bill  to  address 
many  of  the  other  functions. 
Besides  the  four  bills  offered  by  the  committee,  I  have  taken  \h&S 
.  small  liberty  of  reviewing  another  bill,  4245.  This  bill  is  designed  to 
provide  all  four  basic  functions  in  an  effective,  mutually  supporting 
fashion.  In  addition,  4245  addresses  the  fundamental  causes  of  our 
present  industrial  discomfort  and  would  provide  an  ongoing  mecha- 
nism for  the  creation  and  facilitation  of  national  policy,  including 
especially  those  policies  required  for  reindustriali^ion. 

It  was  interesting  to  me,  as  I  sbt  here  and  listened  to  other 
people  testify,  that  time  and  time  again  the  word  "policy"  would 
come  up.  I  would  like  to  advance  the  premise  that  it  is  this  ability 
to  address  policy  in  an  intelligent,  organized,  and  coherent  fashion 
which  is  largely  missing  in  many  of  our  institutions.  The  point  that 
must  be  made  is  that  improved  industrial  competitiveness,  particu- 
larly in  a  dynamic  environment,  requires  a  large  set  of  mutually 
consistent  national  policies,  including  education  policy,  taxation 
policy,  savings,  regulation,  environmental  policies,  et  cetera. 

There  is  considerable  public  debate,  as  an  example,  about  the  rel- 
ative merits  of  high-tech  industry  versus  smokestack  industry  as  a 
aoyrce  of  employment.  I  would  hold  that  this  is  an  example  of  lack 
•   of  analysis  and  study  of  the  basic  data*  It  is  almost  a  nonsense  dis- 
%"  cushion  which  does  not  recognize  the  ultimate  problem  that  the 
Nation  must  resolve  before  the  end  of  this  decade.  All  of  industry, 
high-tqch  and  smokestack,  will  not  employ  a  significant  percentage 
of  the  working  population  by  the  year  2000.  If  U.S.  employment  } 
trends  continue  to  follow  the  trends  of  the  past  5  years,  manufac- 
turing will  only  employ  8.3  percent  of  our  entire  working  popula> 
tion  at'the  end  of  this  century,  which  is  only  16  years  hence,  and  of 
course  8.3  percent  is  I  think  slightly  less  than  the  present  unem- 
ployment rate.  Therefore  all  or  manufacturing  in  the  year  2000 
.won't  put  all  of  our  presently  unemployed  back  to  work. 

Now  I  woul{l  like  to  see  if  I  can  illustrate  some  of  our  serious 
structural  deficiencies  by  attempting  to  demonstrate  how  a  proper- 
ly constituted  foundation  could  provide  a  public  support  function 
that  would  give  private  enterprise  greater  freedom  of  action  and 
the  ability  to  more  effectively  meet  foreign  competition  in  an  arena 
free  of  Government  domination.  The  exqmflte  I  would  like  to  use  in 
the  unmanned  garment  factory,  because  I  will  marttea  prediction 
todpy  that  within  10  years  we  are  going  to  have  in  this  country  a 
major  problem  in  our  garment  industry.  They  employ  about  2.8 
million  people  in  the  garment  and  the  textile  industry  and,  since 
textiles  are  lafgelv  automated,  most  of  these  people  are  in  the  gar- 
ment industry.  This  could  be  a  classical  situation  in  which  a  na» 
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tional  policy  fariiitat inK  foundation  could  help  a  thoroughly  dis- 
persed and  fragmented  industry  resolve  a  major  threat  from 
abroad.  • 

It  turns  out  that  some  years  ago,  2  to  4  years  ago,  Japan  and 
Sweden  independently  both  funded  major  programs  to  develop  un- 
manned garment  factories,  One  country  put  up  $6B  million  and  I 
think  the  other  country  put  up  about  $85  million.  These  factories, 
with  practically  no  employees,  will  turn  out  garments  on  any  pre- 
programmed arrangement.  They  could  turn  out  one  garment  at  a 
time;  they  could  turn  out  pne  size  at  a  time.  They  are  completely 
flexible  garment  manufacturing  centers,  As  an  engineer  I  can  tell 
you  that  they  are  technologically  feasible.  The  probability  of  their 
success  is  very  high,  and  it  s  obvious  that  when  tHis  occurs  there  is 
going  to  be  a  major  impact  upon  our  industry, 

No\y  what  functioftfr  could  a  foundation  or  the  Government  play 
in  this  case?*  Well,,  it  would  seem  to  me  that  since  this  type  of 
knowledge  is  generally  available,  the  foundation  could  have  an 
international  data  acquisition  system  which  would  acquire  data 
about  these  programs  as  they  are  instituted  and  then  follow  that 
up  with  an  analysis  and  an  assessment  section  whiqh  could  then 
provide  an  early  warning  system  for  U.S.  industry.  Having  recog- 
nised the  pending  problem  from  our  own  international  data  base; 
the  Government  could  then  convene  meetings  qjF  industry  to  snow 
what  the  probable  alternatives  are  and  look  for  logical  courses  of 
action. 

It  would  seem  that  we  have  three  courses  of  action  before  us 
right  now.  The  first  is  a  decision  as  to  whether  we  wish  to  main- 
tain a  capability  for  manufacturing  automatic  unmanned  garment 
industry  machines.  We  have  a  company  called  Singer  Sewing  Ma- 
chine which  builds,  I  think,  a  lot  of  garment  manufacturing  ma- 
chinery. In  fact,  interestingly  enough,  they  were  the  ones  who  con- 
ceived the  concept  of  an  unmanned  garment  factory,  and  I  believe 
they  were  not  large  enough  to  actually  implement  the  program 
itself.  I  understand  the  Swedish  and  Japanese  programs  are  mod- 
eled about  the  initiative  that  Singer  started.  We  could  decide  first 
of  all  if  we  wanted  to  maintain  the  equfpmpnt  manufacturing  facil- 
ity, and  what  support,  Is  necessary.  Whether  a  consortium  could  be 
put  together  which  would  enable  us  to  maintain  this  machinery  ca- 
pability in  the  country. 

A  second  decision  that  should  be  made  irf*  as  to  what  wot^ 
happen  to  the  garment  industry  itself.  It  seems  obvious  that  a 
large  percentage  of  the  2.8  million  people  now  engaged  in  this JLc- 
tivity  are,  over  a  period  of  time,  g?ing  to  become  redundant,  Tne 
question  then  is  whether  we  wish^nSlitniaintain  a  garment  industry 
of  any  consequence  in  this  country  at  all.  It  ^ould  seem  that  we 
w^ferfdrprobably  have  to  have  a  reorganized  garment  industry.  It 
might  be  that  we  could  finance  garment  centers.-  For  example, 
there  are  probably  only  one  or  two  light  bulb  manufacturing  ma- 
chines in  the  country.  They  appear  under  different  labels,  but  the 
machinery  is  so  efficient  that  we  can't  afford  to  have  a  dozen  com- 
panies actually  manufacturing  light  bulbs.  It's  entirely  possible 
ijiat  the  analysis  wouldk  show  that  there  might  be  two  or  three 
flexible  garment  manufacturing  machine  centers  in  this  country, 
and  they  might  call  forfa  ^consortium  of  banks,  industry,  Govern* 
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meat  to  finance  thrin.  If^we  decide  we  want  to  retain  this  particu- 
lar activity,  it  should  be  mi  informed  decision. 

/We  may  decide  we  don't  want  to  have  a  garment  industry  in'this 
country,  which  then  brings  us  to  the  third  set  of  decisions:  What  is 
going  to  be  done  to  or  lor  the°2.8  /nillion  people,  who  I  predict  have 
a  vvvy,.very  high  probability  dt&coming  redundant? 

A  fourth  course  of  Action  would'be  to  ignore  the  whole  situation, 
allow  nature  to  take  its  course,  and  go  through  the  same  process  in 
the  garment  industry  that  we  had  in  the  steel  industry,  in  the  . ma- 
Chine  toql  industry,  in  the  automobile  industry.  I  would  contend 
that  every  country  has  a  limited  number  of  opportunities  and  if 
you  let  them  all  go  by,  I  think  Che  results  are  predictable. 

I  would  like  to  close  on  a  more  optimistic  note  with  two  observa- 
tions.  First  pf  all,  each  of  the  proposed  bills  addresses  a  very  impor- 
tant problem^and  will  satisfy  significant  needs  that  have  been,  ne- 
glected for  too  long. 

Second,  1  would  only  add  that  the  spread  sheet' would  indicate 
/  that  eflch  of  these  bills,  which  are  important,  handles  a  part  of  a 
larger  problem.  I  would  think  we  should  consider  whether  we  could 
profitably  entertain  one  initiative  to  combine  the  best  features 
from  each  bill.  .  ; 

Now,  finally,  I  would  like  to  come  back  to  the  future  role  of  the 
Government  by  quoting  from  a  paper  by  a  Mr.  Thomas  Murrin.  As 
president  of  Westinghouse's  Energy  and  Advanced  Technology 
Group,  which  is  a  very  successful  Westinghouse  Division,  Murrin 
has  been  featured  in  a  Time  magazine  article  as  one  of  the  out- 
,    standing  industrial  managers  in  our  country.  Murrin  says: 

Meeting  the  Japanese  challenge  is  beyond  the  reach/)f  any  one  company.  Even  if 
every  major  corporation  in  the  U.S.  were  to  undertake  programs  to  improve  their 
productivity  and  competitiveness,  their  efforts  would  not  suffice  against  Japan's  na- 
tional industrial  policy.  .  f 

He  goes  on  to  say:  1 

When  Government,  management,  labor,  and  academia  all  work  in  a  cooperative 
and  complementary  fashion  towards  shared  objectives,  the  most  difficult  challenges 
become  manageable.  What  is  lacking  is  an  effective  mechanism  to  bring  the  leaders 
of  these  facets  of  society  together  on  neutral  ground  in  pursuit  of  Common  goals. 

Finally,  he  adds: 

Therefore;  we  in  the  United  States  need  to  consider  adopting  a  consensus-based 
policy  formulation  mecjpinisnv 

Now  I  contend  that  in  this  last  sentence  Murrin  has  presented 
the  single,  (post  important  challenge  faced  by  the  Government  for 
the  balance  of  this  cehtury:  how  tq  create  a  consensus-based  policy 
formulation  mechanism  thav will  provide  a  truly  neutral  ground, 
recognized  and  accepted  by  all  elements  of  our  society. 

Thank  you  very  much. 

[The  prepared  statement  of  Dr.  Rosenstein  follows:] 
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STATEMENT  OF  ALLEN  &  ROSENSTEIN 


Mr.   Chairman  and  members  of  the  Comnvlttee: 


/  j 


1°  am  Chairman  of  the  Board  of  several  high  technology-electronic,  companies/ 
and  a  Professor  of  Engineering  at  UCLA.    Please Jaceept  my  thanks  for  the 
opportunity  to  testify  at  these  hearings  on  Technological  Innovation  In  «* 
the  United  States.    The  sharply  increasing  Congressional  Interest  In  vhe 

e  v 

Industrial-  weW  being  of  ouj  country  Is  especial ly  timely.     In  the  1960'  s 
a  study  which  we  conducted  at  UCLA  concluded  that  structural  deficiencies  In 
our  basic  Institutions  and  Important  shifts  in  our  culture  and  Hp  U.S. 
educational  policy  guaranteed  an  ever  eroding  Industrial  base  and  a  long  term 


decline  In  our  relet  I  ve  qual  ^y  of  life.     (Reference  1  appended).    A- growing 
U.S.  trade  deficit,  expected  to  exceed  $125  billion  In  10*  would  seem  to 
confirm  the  predictions  of  nearly  20  years  igov  . 

'To  evaluate  the  potential-  effectlvl  ty  of  the  proposed  bills,  let  us  first 
cpnslder  function  and  structure.    After  that  we  examine  the  more  difficult 
and  abstract  question  of  long  t.erm  fit  with  the  nation's  basic  needs, 
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FUNCTION  a/AlUATI&N 


Assuming  that  form  (structure)  follows  function,  It  is  our.  premise  that 
mechanisms  that  would  create  and  Implement  consistently  successful  public 
^programs  must  be  capable  of  four  basic  activities  or* funct Ions .    These  are; 

) ,    Creation  of  a  comprehensive  high  quality  Information  and  data 
*    ?     ,  ■  base  that  is  readily  accessed;  ,  , 

2.  First  rate  independent  arvt  I  c  I  pat  i  on  and  analysis  of  national 
problems  and  opportunities  and  the  assessment  of  alternatives; 

^  'J 

3,  Socially  representative  public  review  of  alternatives  to  generate 

national  consensus,  and      *  • 


r 


0 

kr     Facilitation  and  Implementation  of  those  pol  Ides  and  programs 
for  which  there  are  no  presently  existing  suitable  organizations. 


A  spread  sheet  has  been  Included  to  1 1 lustrate  the  proposed  functions  and 
pM  structure  of  llMjH,  MIlAl,  HR123**  and  HR2525-    When  the  totality  of  the 
attclbutes  of  the  preceedlng  bills  are  taken  together,  they  cover  rather 
completely  the  above  four  functions.    We  also  observe,  that  another  bllli 
HM2J*5(  offers  a  vehicle  In  which  aJJ  of  the  activities  of  the  bills  under 
review  can  be  well  served. 
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Taking  each  bJ>U  in  turn:     -  \  ' 

*  \ 

HR  2525:    The  National  Commission  on  tfecfirnological  Innovation  and  Industrial  ' 
Mobi I f*at  Ion  Act .  * 

Offers  deep  Insight   i'hto  the  spectrum  of  Issues  that  must  be 
considered  If  Industrial  competence  Is  to  be  Improved.     The  * 
final  report  of  the  one  year  commission  would  address  the  central 
question:    Should  there  be  a  permanent  advisory  aqency  for    ■  ' 
policy  relevant  to  a  coordinated  national   industrial  strategy? 
This  question  deserves  public  review  and  debate  by* an  Independent  v 
commission.     HR  2525  calls  for  analysis  and  assessment  followed 
by  public  review.     Should  a  permanent  advisory  policy  agency  be 
created,  the  aqency  would  presumably  develop  a  policy  data  base  and 
consider  program  Implementation. 

HR  123^:     the  Economically  Strategic  Industrial  Research  and  Development  Act. 

Asks  the  National  Academies  to  Identify  strategic  technologies  and 
build  a  suitable  data  base  for  each.  Independent  public  review  Is 
provided  by  an  advisory  committee  for  each  technology. 

HR  <<8l:      The  Nat  Ional  Technology  foundation  Act 

Through  the  Office  of  Technology  PoMcy  and  AnelyVTls  would  provide  a 
very  Important  technology  policy  analysis  and  assessment  capability, 
Extensive,  wel  I  -Conce  I  ved  ofiflces  affiJ  agencies  are  brought  together 
In  the*  Foundat Ion  to  fac 1 1 r tate  and  Implement  national  technology 
policy.    The  structure  and  functions  of  HRfffll  are  very  close  to 
HR^Swlth  HR^8l  restricting  Itself  to  technology  While  HR  U2h5 
•considers  technology  policy  as  an  Important  constituent  of  national 
policy.    HRW  has  limited  provision  for  a  comprehensive  Indus-trial  or 


technology  data  base  and  little  means  for  public  review  or  consensus 
generat Ion. 

HR  *i36l :     The  Advanced^Technology  foundation  Act  1  t 

Concentrates  largely  upon  Implementation  of  Industrial  policy. 
Cooperative  programs,  generic  industrial  research  and  the  federal 
Industrial  Extension  Service  are  Important  and  worthy  concepts. 
We  fMoJjrld  observe  that  arcompariion  b'H  |  has  been  Introduced  by 
Congressmen  LaFalce  to  cover  the  three  functions* not  addressed  by 
HRJ136I. 
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'  ,HR  4-2*5: '  The  Notional  Profes*ji^wJ.d  Technology  Act  & 

'-Introduced  by  Congressmen;  George  Brown  wi  th  13  sponsors,  will 
provide  an  ongoing  mechanism  for  the  creation  and  facilitation" 
of  national  policy  Incfudlng  especially  those  policies  required  m 
for  Industrial  revi tal i2ation-    References  (2)  and  (3)  describe 
the  b'ill   itself  while  reference  (I)  provides  a  detailed  explanation 
v        and  Justification  for  the  creation'of  a  National  Policy  Facilitating  „ 
Foundation  instead  of  a  more  limited  and  specie  I i zed  vehl c I e.  The" 
case  \j>  made  that  improved  industrial  competitiveness  requires  a 
large'  sat  of  mutually  consistent  national  policies  including  education, 
tax,  saving,  fiscal,  financial  /  regulation,  Inflation.,  interest, 
environmental,  etc>  ,  policies.    There  does  not  exist  today  a. mechanism 
independent  of  governmental  domi na t i on ,  such  as      Foundation  that  . 
provides  a  viable  effective  vehicle  for  the  facilitation  of  public 
policy  in  the  national   Interest.     HR  klkty would  fill   this  void. 

LONG  TERM  FIT 

If  the  compelling  reason  .for  these  hearings  is/to  "encourage  and  support 
U.S.   industrial  competitiveness  in  the  international  marketplace",  I 
would  respectfully  suggest  that  the  proposed  bills,  which  have  many  merits, 
do  not  Individual  ly  nor  col  lectiveiy  address  the  central  causes  for  our  loss 
of  competitiveness.    This  does  not  .mean  that  the  proposed  bills  are  unimpor- 
tant or  impractical.    On  the  contrary,  they  represent  long  overdue  Initiatives 
that  will  materially  assist  U.S.   industry.    Cooperative,  generic  development 
and  research  will  reduce  front  end  costs  and  accelerate  the  appearance  of 
products  updn  the  marketplace.    The  Increasing  complexity  of  business  along 
with  rapid  changes  In  technology  demand  access  to  a  broad  spectrum  of  pro- 
fessional compete/ice  and  special  Ued  technl  cal  Information  that  small  business 
Simply  cannot  afford.    An  industry  and  professions  counterpart  of  Agricui ture 
Extension  would  be  of  Immense  value  to  small-end  medium  Industry.  % 

I  would  like  to  very  briefly  examine  the  practical  problems  created  >y  the  cur- 
rent conventional'  wisdom  and  societal  models  before  returning  to  the  national 
pol  Icy  question* 


9 

ERJC 


313 


/PARADIGMS  AND,SOCIF.TAl  MODEL'.  /  '    j  *  \ 

After  W.W.I  I.  the  En^ljsh  speaking  nations,  Including  the  U.S./ subscribed 

%  to  a  set  V  questionable  paradigms  that  distorted  noUOnalf'poi  icy  while  also  0Cu 

Opting  societal    mode, I s  whose  limitations  effectively  masked  crippling 

.   structural  defects    Let  us  consider  a  few  of  the  paradigms  and  societal  . 

*-  i. 
models  which  are*  important  to'  these  hearings  * 

FALSE  PARADIGMS'  •  *. 

!-     !^IttnJ^l^^  run,   leadership  In  Technological  jfeo^, 

•  *™x±or>.  ™****}.t.te*3±fSh  wlM  l"Sure,  international  trade  competitive- 
ness antf  industry  a  l^£orrpetejTce..  .  »  .  ° 

Unfortunately  th^s  is  not  true.     Technological   Innovation,  basic 
research  and  industrial  performance  are  three  entirely  different 
dcrUjTi.es  with  different  constituencies,  processes  and  performance  * 
crliei'M.     As  ^liamptes:     The  U.S.  and  Britain  produced,  90?  of  the 
research  and  Innovations  in  liquid  crystals  whl  le  Japan  manufactures 
90*  of  the  world's  liquid  crystals.    'Michael  Boretsky  pointed  Out 
rh.it  frdm  l<^/  tin  1 9  7  ^  .  the  U.S.  made  seventeen  out  of  eighteen  'of 
the\rofljo;r  hre.rtHthrgughsVin  semiconductor  electronics.     During  the  .  , 
>     ,    S*m  period  of  time  the  U.S.   trade  balance  In  electronic  and  com-  , 
murficB l  ion*  equipment   (e*t  1  yd  in*g.  computers )  .slid  f  rom  a  pos 1 1 1 ve 
$("00^11  lion-  to"  a  negative  $2  billion. 


fejj^^^^.j,^  Innovation  and  ^ 

^j^^rjlj^^ore  U.S.   Industrial  competitiveness  apd, trade 

ba I  an cc .  '  v 

The  U.S.  and  Britain  already  lead  the  world  in  basic  research  as  "      »  ) 

measured  by  Nobel  Science  Awards  and  In  innovation  as  measured  by"  '  ' 

•significant  patents.     The  two  countries  also  le\ld  the  world  In  »  ' 
trade-deficits.     It  is  difficult  to  Ignore  this  strong  negative  <  '  * 

correlation  and  understand  how  an  Increase  In  activities  In  which  *  ' 

we  already  lead  will  tur*n  around  our  long  term  decline  In  industrial 
competence.  ■ 

2-    IftJ^^^MlJ^  proclaims:    Science  leads 

.Le^h_nPj.°£Y_ : _. .  Indu*l"l 1  *L £9^^*n5JLtll^i_^  «L* r ch .    I  f 

•niLM9h.  .r*,.ni?y.  J:* lnrowt\  .'.qjto.  j5 JjP.U f  jc ^>**rchf  ;u»<fM  I  technology 
!f*jJJ^^AQw..^o^QB'  and  be  .deployed  successful  ly..  * 


The  pervasiveness  of  this  inversion  of  reality  Is  even  found  In  t\ie 
announcement  of  these  hearings  which  states: 
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"The  Federal  Government  ha*  long  done  a  fine'job  of  0 
encouraging  and  supporting  basic  scientific  research* 
But  It  Is  becoming  increasingly  evident  that  we  are 
*   '      much  less  successful,  wh^n  It  comes  to  transplant Ing 
the  results  of  reseafrlh  Into  useful  products,  and  pro- 
cesses^   (Underline  added,) 

 The  English  speaking  nations  have  been  pursuing  unsuccessfully 

the  R&D  lllusldn  (Research  leading  Development)  whl  It  Our 
more  aggressive  trade  competitors'  have  be,en  doing  D&R.  In 
most  of  tjie  Industrial  world,  a  .major  societal  need  or  oppor- 
tunity Is  first  Idem  I  f  led,,  and  then  a  suitable  technological 
development  program  formulated  and  funded  (  l.e<,  the  Fifth 
Generation  Computer.)    Only  such  research  Is  undertaken  as  is 
necessary  to  resolve  problems  incidental  to  the  -development 
requirements.    In  other  wprds,  Qayet opmen t  leads  Research  (6&R). 

Funding  of  basic  research  with  the  expectat Ion  that  the  know- 
ledge* generated  yl  I  I  somehow  provide  Industrial  leadership  Is 
an  enpensive  arfd -dangerous* way  to  dissipate  the  natlon\s  Intellec- 
tual and*f  Inanclal  reserves.    Scientific  knowledge  is  anjnter-^ 
national  free  good  that  Is  readily  available  for  the  price  of 
the  Journals. 

'  4>eter  Drgcker  has  written* 

"It  Is  not  true  that  a  modern  country  needs  a  science 
base.     It  cow  purchase  It  or  import  It.'1'        .    »  * 

SOCIETAL  MODELS  \"      ■       '  • 

After  W.W.II,  the  U.S.  Land  Grant  tradition,  with  Us  emphasis  on  the  pro1 
fesslons  and  cooperat  i^^aroo/ig  Industry,  government,  education  and  the  pro- 
fessions, was  supplanted  by  the  British  Arts-Science  tradition  with  Its 
benign  neglect  of  the  professions.     In  the  United  States,  our  leading  Insti 
tucHons  of  higher  learning  proudly  proclaim  themselves  to  be  "Research 
Universities."    Rejection  of  the  "three-culture"  society  recognized  by  most 
of  the  world  for  the  limited  British   Two  Cultures  model  has  had  the  same 
destructive  effects  upon  the  United  States'  ability  to  develop  and  deploy 
technology  as  It  had  upon  England.  (Reference  M.  / 

.  -  •    .  ••  •  \ 
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POLICY  VS  PLANNING 


It  U  cleei*  that  central  national  planning  Is  neither  acceptable  to  our 
i 

people  -nor  caoehle  of  Drectlcal  Implementation  In  a  rapidly  changing 
complex  modern  loclety.     It  Is  equally  clear  thet  the  government  hat  a 
vital  role  In  Injuring  the  highest  possible  life  quality  for  Its  citizens 
consistent  with  the  demands  of  national  security.    The  National  life  quality 
In  turn  Is  the  composite  of  a  I  If  environments  Including  the  health,  education, 
business,  civil,  physKcel,  etc.,  environments.    As  example,  excessive  pol- 
lution threatens  the  health  of  all  c  It  liens.    Yet,  General  Motor*  cannot 
afford  to  Install  emission  control  devices. upon  Its  cars  unless  Ford  must 
meet  the  same  policy  standards.. 

In  the  above  ^orrt ex t ,  the  Idee  th*4  n5t  lonel  pol  Icy^  exists  to  serve  the 
net  Ion's  goeJ*  and  espl  rations  Is  Vperal  ly  accepted.     It  should  be  aphrent 
that  conflicting  net  lonal '  pol  Icl'es,  Inconsistent  policies  Or  the  leek  of 
policy,  In  Instances  like  acid  r#tn,  piece  en  expensive  and  often  Intolerable 
burden  .upon  the  soelcty.    Further, ^only  the*  very- nely*  would  believe  that 
major  netlonal  policy  cin  steryf  alone.    Successful  rt  Industrial  liat,lbn  policies 
mutt  depend  among  other^thlngs  upon  tax  policies*  the  Intellectual  resources 
end  skills  derived  from  our  educational  policies,  the  ethical  environment 
policies  In  which  business  will  operete,  and,  finally,  the  policies. for  long 
end  short  term  resource  el  local  Ion  between  life  quality  and  economic  advance- 
ment. N  By  Itself,  pujp  "Industf^jl  Policy"  serving  only  economic  and  business 
needs,  Is  sterile  anMln  practice,  counterproductive.    Japan  found  that  the 
early  success  of  Us  ^Industrial  Policy"  led  to  substantial  degradation  of  the 
netlonS  physical  environments  end*en  overcrowding  of  Its  major  cities.  ^ 
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Consideration  of  societal  paradigms  and  models,  national  need  and  policy 
raqulramantt t  along  with  tha  collective  functions  proposed  by  the  Hearing  Dills 
products  the    form  and  basic  assumptions  which  support  a  National  Policy 
Facilitating  Mechanism,  ■• 


The  National  Professions  end  Technology  Foundation*  HR  ^2^5*  has  been  based 
.   upon  the  following  assumptions: 

Pi  (  f 

Central  Planning  Is  Impractical. 

Technology  and  Innovation  policies  should  be  mutally  supporting, 
consistent  part*  of  the  larger  netlonal  policy  structure  which 
In  turn,.  Includes  life  quel  I ty  pol  Icles  es  well  as  business  and 
economl c  pol icles ; 

The  environments  *  health,  education,  physical,  political,  business, 
civil  |:  etc.,  which  collectively  define  our  society's  life  quality, 
are  created  by  the  resource  allocation,  technology  deployment  and 
environmental  decisions  made  largely  by  men.  and  womeir  operat  Ing 
In  a  publ  I  ^professions  capacity. 

The  Federal  Government  has  *en  unavoidable  responsibility  for  prop^ 
mulgatlng  rational,  coherent,  self-consistent  policy  In  the  » 
national  Interest. 

A  mechanism*  Independent  of  government  domination,  Is  necessary  to 
facilitate  the  creetlon  df  the  national  policies  and  pol Icy  structure 
required  to  maintain  the  competitiveness  of  U.S.  Industry  Id  the 
future. 


If  the  above  assumptions  Are  relevant  and  the  Hearlnq  b|  )|  functions*  have 

validity,  the  Policy  Foundation  becomes  a  reasonable  conclusion. 

'  "  ■  r  t  ■ 

t 
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INTRODUCTION 


Nearly  twenty  years  ago  In  the  course  ofm  a  large  F$rd  Foundation  study 
on  an  entirely  different  matter,    information  ktpt  accumulating  that  led 
to  conclusions  sharply  contradicting  the  convent  i.onal  wisdom  of  the  time.  0 
With  the  U.S.  enjoying  the  world's  highest  standard  of  living  and  possessing 
.  a  seemingly  invlncibtl  Industrial  plant,  the  data  consistently  predicted  * 
an  ever  erodirtg  indusvtrlarl  base  and  a  long  term  decline  in  the  relative 
quality  of   life  (4  1   ).     The  present  national  debate  over  matters  Such  as 
"Industrial  Policy"  are  trfe  unfortunate  consequences"  of  the  trends  observed 
in  the  60'  s .  "     .  ;' 

This  paper  describes  a  Na'-ional   Policy  Facilitating  Foundation  organized  to 
correct  what  is  undoubtedly  the  molt  critical  deficiency  In  America's  infra- 
structure:    the  lack  of  a  mechanism  for1  facilitating  the  development  of  sound 
and  consistent  policy  In  the  national  welfare  ♦including  Industrial  policy. 

To  provide  background  for  a  Policy  Foundation  and  justification  for  Us 
functions  »1nd  structure,   the  extensive  decline  in  America's  relative  life 
quality  K  briefly  examined  along  with  three  major  contributing  factors.  A 
set  of  policy  paradigms  1*  offered.     Four  ba^slc  Foundation  functions'  a'r.e 
explored  along  with  supporting  structure.     Operational   analysis  shows  the 
Foundation  should  be  created  from  existing  agencies  that  woul?l  bring  their 
nperatinq  budgets  with  them.     Significant  savings  can  be  effected  causing  the 
total  direct  cost   to  the  government  to  be  less  than  the  presently  budgeted 
agency  expenditures.       ^  * 

The  paper  concludes  by  describing  what  we  believe  will  become  the  overriding 
national  policy  Usue  for  the  remainder  of  the  century  -  a  problem  which  has 
not  yet  really  surfaced,  but  which  will   require  enormous  efforts»and  great 
foresight  to  resolve. 

,    AMERICA'S  FUTURE  RELATIVE  QUALITY  CPF  ClFE 


If  the  trefids  of  tb*  past  twenty  years  foretell  America's  future,  our  chrlldren 
will  have  much  leHs^to  be  thankful  for  than  their  parents.     Industry  provides 
most  of  the  material  goods  of  our  Society  and  generates  much  of  the  revenues 
used  to  finance  our  social  services.    However »  by  almost  Jny  standard,  American 
Industry  is  III  and  shows  few  signs  of  chaining  Its  ablll\v  to  compete.  In 
world  markets.     The  LICIT  report  of  April  1983  orosents  a  onWoicture  of  world  « 
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market  share  trends  (2).  ^During  the'fifteen  year  period  from  1965  to  1980,  In 
twelve  mtjor  manufacturing  categories  ranging  from  Iron  and  steel  to 
aircraft  and  computers,  Franca  and  Japan  each  increased  the  if  percentage 
of  wor  Id  market  share  In  eight  categories.    Uast  Germany  increased  Its 
share  In  five  categories  and  now  leads  the         (.five  to  four).  United 
State* 1  market  share  on  the  other  hand  declined  In  ten  out  of  twelve 
categories.    We  were  saved  from  last-place  performance  only  by  Great  Britain, 
which  lost  market  share  In  eleven  out  of  twelve  categories  and  remained 
even  In  one.    Th*  result  of  our  eroding  Industrial  competence  Is  an  expected 
$6$,  000,  (TOO-,  000  U.S.  trade  deficit  for  1993  and  a  drop  In  relative  U.S. 
CNP/caplta  from  first  place  after-  W.V, 1 1  to  tenth  place  today. 

Because  of  Its  visibility,  we  tend  to  think  of  bur  present  situation  In 
terms  of  only  one  manifestation,  the  business^  and  Industrial  environment, 
and  hasten  to  concentrate  on  "Industrial  PolIcy"$o  the  exclusion  of 
equally  important  cOnt r ibut I ng  and  Interacting  factors.    National  life 
quality  is  obviously  Influenced  0$  the  national  CNP/caplta,  but  the  actual 
quality  of  life  is  given  by  other  environments  such  as  education,  health, 
personal  security,  pollution,  etc.     In  each  of  these  area^,  which  are  the 
responsibility  of  the  professions*  the  U.S.  life  quality  Is  not  outstanding,. 

e 

Educational  test  scores  have  been  Stopping  Iteadlly  In  the  U.S.  while  . 

functional   Illiteracy  remains  at  close  to  20%,    Our  ability  to  allocate 

our  educational  resources  to  effectively  serve  national  needs  Is  questionable. 

During  the  past. decade,  with  high  technology  Industry  often  struggling  to 

satisfy  Its  demand  for  experienced  engineers,  California's  production  of 
t 

electrical  engineers  decreased  by  nearly  30*  while  the  Output  of  lawyers 
increased  300},     It  would  almost  scam  that  we  plan  to  litigate  our  way  back 
to  Industrial  preeminence. 

In  sprite  of  our  enormous  investment  In  medical  research  and  health  delivery, 
Americans  are  not  relatively  healthy,     It  Is  Jpterestlng  to  note  that  In 
"1950,  when  the  National  Science  foundet Ion  was  established,  the  U.S.  ranked 
sixth  „ln  the  world  In  Infant  mortal  I  try .  ■  By  1967,  the  U.S.  was  winning  $0t  of 
the  Nobel  prize*  In  Medicine  and  physiology,  but  had  dropped  \o  1 6th  ptac\  In 
Infant  mortality  and  ?lst  In  longevity.    Today  the  Japanese  and  the  Swedes, 
with  little  contribution  to  medical  science,  are  the  world's  healthiest  people:, 
with  the  lowest  Infant  mortality  rate  and  the  longest  life  Spar). 
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In  other  life  quality  areas  we  are  doing  no  better;    Crime  Is  excessive. 
The  average"  Ameralcen  is  more  conscious  than  ever  of  muggings,  burglary  and 
widespread  use  of  narcotics.     Our  physical  environments  are  still  under 
heavy  pressure  f.rom  pollutants.     Acid  rain  I  s  *dest  roy  I  ng  eastern  forests 
and  lakes.     Smog  levels  in  our  major  cities  remain  high. 

HOW  DID  WE  REACH  OUR  PRESENT  STATE? 

If  our  trade  with  Japan  is  any  Indication,  the  United  States  Is  well  On 
Its  way  to  becoming  a  "banana  republic."    We  will  supply  raw.meterl.als  -  ■ 
coal,  timber  #nd  food  -  to  receive  In  return  manufactured  goods  such  as 
autos,  semiconductors,  electronic  goods,  machine  tools,  ett.  Historians 
seeking  to  learn  why  a  mighty  nation  lost  Its  Competitive  advantage  In  less 
than  100  years  will  find  a  number  of  interrelated  causes.    Each  factor  by 
itself  has  not  been  sufficient,  but  together  they  have  throttled  the 
riaiion's  growth.    Of  the  many  contributors,  three  major  factors  have  been 
particularly  devastating: 

The  first  Is  institutional  recfidlty  and  structural  def  i  cJ  enc  i  es ,    At  a  time 
when  our  trade  partners  have  developed  flexible  policy  mechanisms  allowing 
them  to  adjust  to  ever  more  dynamic  world  economic 'Condi t ion* ,  U.S.  Insti- 
Jut.lohi;  have  IflWrh'aKjed  thai t -values  and*  become  morV  rigid,  '  Nh  Washington, 
government  departments  "hone"  their  turf  building  skills.    Problems  requiring 
Interdepartmental  contributions  become  even  less  tractable*    Our  great  unlver-  * 
sitie*  seek  to  concentrate  uoon  narrowly  defined  disciplinary  research  to 
the  exclusion  of  real  world  mul t Id  I sclpl Inary  problems.    At*the  same'  time, 
.structural  deficiencies  Insure  that  national  policy  questions  spanning  a 
number  of  disciplines  and  departments  cannot  be  effectively  addressed.  Mechanisms 
for  anticipating,  creating  and  facilitating  flexible,  coherent  national  policy, 
Including  Industrial  policy*  do  not  exist* 


'  4k- 


/Secondly,  we  have  made  serious  educational  oollcy  irrori.    At  the  end  nf  W.W.J  J, 
a  major  policy  shift  accelerated  through  U.S,  hlqher  education.    The  U.S.  Land 
Grant  t red  1 1 ion  wl th  Its  emphasis  on  the  professions  and  cooperetlon  among 
Industry,  government,  education  and  the  professions,  was  Supplanted  by  the 
British  arts-science  tradition  with  Its  benign  neglect  of  the  professions.  English 
speaking  count rles. turned  their  at  tent  lon~wl  th  unqualified  success,  to  Improving 
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their  basic  research  endeavors.    As  a  consequence  by  the  1970' s  the  U.S.  and 
.Britain  led   the  world  In  two  distinct  areas:    Nobel  Science  Awards  and 
Internationa*  trade  deficits.     Japan  and  Germany  on  the  other  hand  con- 
tributed little  to  basic  research  but  led    In  International  trade. 

finally,  of  all  post  W.W.II  developments,  the  most  dehabl 1 1  tat Ing  change 
has  been  the  steady  movement  toward  an  ever  more  adversarial  society. 
The  United  States  has  adopted  the  adversarial  posture  that  has  failed 
In  Britain,  with  each  sector  trying  to  Increase  Individual  return  In- 
stead of  the  total  good.   Industrial  productivity  has  been  particularly 
sensitive  to  the  change.     For  a  seventeen  .year  period  beginning  with  I960., 
the  average  anmra!  percentage  produc t I v l( y  Thcreases  of  the  English  speaking 
countries,  U.S.,  Britain  end  Canada,  have  bean  the  lowest  among  the  Industrial 
nations.    The  U.S. at  the  very  bottom  averages  approximately  half  the  relative 
productivity  Improvement  of  Italy-    <  * 

V 

The  basic  problem  and  t\e  potential  solution  were  contained  In  trade  data 
observed  In  1966.    At  thaWtime  there  were  some  122  industries  *  auto,  f 
steel,  ships,  textiles  -  wr» lcrt*?mployed  thirty-five  percent  of  the  Industrial 
work  force.     These  Industries  hod  formerly  dominated  world*%|tfe    but  by  1966, 
were  running  a  $7.5  billion  trade  deficit.     The  deficit  wn^fHttle  concern 
in    1966, for  It  was  'masked  by  th*  trade  surplus  created  by  a  handful  of  U.S. 
Industries  such  a*  agr  I  cu  1 1  ure^e  lect  ronl  cs  ,  computers  and  aircraft.  Searching 
for  a  pattern  to  exp^je^Sfne  connection  between  agriculture,  computer*  and 
aircraft.  It  finally  became  clear  that  prospering  Industries  by  and  large  had 
enjoyed  a  long  term  cooperative  partnership  of  Industry,  government,  university 
and  professions.    Declining  Industries  did  not.     They  were  characterised  by 
their  generally  adversarial  operation. 

THE  NEED  FOR  STRUCTURAL  CHANGE 

Reich  In  his  book    "the  Next  American  Frontier"  makes  an  eloquent  case)  for  * 
structural  change  13). 

I 

"America  has  a  choice  *   It  can  adapt  Itself  to  the  new 
economic  realities  by  altering  ft*  organisations  or  It 
can  fall  to  adapt  and  thereby  continue  Its  present  decline 
...  Adaptation  Is  Amer  I  ca'  5  chal  lenge.  Jt  IsAmerlca's 
next  frontier.  ,l 
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±  s  •  »  ; 

"  The  myth  of  the  two  cultures  {business  end  civic) 
Is  retarding  the  next  stage  of  America's  economic 
and  social  progress. t  Adaptation  must  Involve  both 
the  business  and  civic  culture,  but  we  bave  no  Instl- 
tut  Ions  for  bridging  the  gap  and  orcnestrat tng  adjustment." 
*  •       CunderTTne  addid  for  emphas  i  s . ) 

* 

The  structural  gaps  and  deficiencies  In  America's  basic  Institutions  neve 
co^e  to  the  et tent  ion  of  many  thouqhtful  citizen*.     John  Kemeny,  Chairman 
of  the  President's  Three  Hiie  Island  Commission,  after  studvinq  the  disaster 
was  forced  to  the  conclusion  that  the  fault  lay  more  with  obsolestence  of 
our  Institutions  that  the  reactor  operators  {k) :  . 

H  The  present  system  does  not  work.     It  was  designed  for 
a  much  earlier  and  simpler  age^ 

11  The  only  way  to  save  Amerlcen  democracy  Is  to  change 
the  fundamental  decision-making  process,  at  the  federal 
'         level,  so  It  can  come  to  grips  with  the  enormous  and 
complex  issues  that  face  the  nation." 

■  f     •  "  • 

The  Bill  being  presented  has  been  specifically  designed  to  bridge  the 
adversarial  gap  and  create  a  cooperative  policy  feci  I ! tat Ing ,  )*st I  tut  Ion. 

Congress  Is  not  unaware  of  our  rep^My  deteriorating  trade  position  and  the 
decline  In  the  national   life  quality.     There  are  presently  nearly  200  bills 
before  the  Congress  th*a*  address  segments'  of  the  - problem  or  attempt  to>  >  a.  '  . 
ameliorate  some  limited  current  manifestation  of,  the  Verger  structurat 
deficiencies.     The  danger  lies  not  In  a  lack  of  concern  for  the  national 
dilemma.     But  there  Is  the  real  possibility  or  even  probability  that  the 
country  will  direct  so  much  of  Its  attention  and  resources  to  limited,  short 
term  "band  aid"  programs  that  the  larger  and  more  basic  long  term  deficiencies 
will  never  be  considered.    Our  country  Is  not  facing  atmall  aberatton  In  Its 
economic  history.    We  are  at  a  major  crossroad.     Institutional  changes  will 
be  required  to  turn- us  away  from  the  present  path  that  we  began  to  travel 
over  twenty  years  ago.    Unfortunately,  the  Institutional  roots  of  our  current 
discomfort  had  taken  jiold  In  the  I950*s  and  were  bearing  fruit  by  the  mid- 
I9601 s .     Changing  very  mature  national  organizations  Is  never  a  simple  task 
and  indeed  can  seldom  be  accomplished  except  In  times  of  great  national  stress. 

Fortunately,  as  wi!  shall  See,  tne>e  changes  can  be  made  without  a  major 
realignment' of  our  basic  Institutions.    HfL  require  mostly**  reallocation  of 
exist  J:n'4  resources  Into  an  organ  1 2a  tip*-  capable  of  fad  )  t  tat  tng  the  critical 


.pbttdy  tasks, ^,th*j  are  not  now  pe^ffg  Addressed. 
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POLICY  PARADIGMS 

The  n«w  BHI  will  create  a  mechanism    to  facilitate  national  policy  by" 
ensuring  representative  participation  of  all  responsible  sectors  Of 
society  while  avoiding  government  domination  by  either  business,  or  civic 
culture.  To  avoid  a  current  Ideological  trap,  we  beo.m  by  stating  what  Is 
not  proposed-  * 

What  Is  npt  proposed  .  f 

¥  < 

o    CENTRAL  PLANNING  IN  ANY  FORM  OR  UNDER  ANY  GUI 5^3PS  NOT 
CONSIDERED  PRACTICAL. OR  DESIRABLE  FOR  OUR  SOCIETY 
> 

We  do  not  hold  that  central'  planning  Is  1 1  legal ,yn const  I  tut  iona  1 
or  even  mildly  Immoral;    The  facts  dictate  the-Tiarge  scale  national, 
plans  take  so  long  to  create  and  put  In  plac/^that  the  dynamics^ 
of  a  modern# I ndus tr lal  society  render  such  plans  obsolete  before 
they  can  be  implemented.     Therefore ,  antral  national  planning 
I s  simply  not  use  fu I . 

On  the  other  hand,  there  Is  mounting  evidence  that  properly 
supported  national  policy  facilitating  mechanisms  can  achieve 
the  opposite  of  central  planning.     The  goal   Is  to  ensure  that 
every  segment  of  society  not  only  contributes  to  national  policy 
formulatlpn  but  that  the  planning  and  Implementation  responsibilities 
:  .'whfcK.  natural  I  y  flow  froM  consistent  ♦  rational  national  policy 
wilt  be  executet^-by  the^'best  qualified  sector*  of  the"  lotlety' ItleVlf; 
With  adequate  visibility  each  Individual  and  each  business  w.l  1 1 
perceive  and  Implement  plans  consistent  with  national  policy. 

x>    NONE  OF  THE  POWERS  AND  RESPONSIBILITIES  OF  THE  LEGISLATIVE  OR 
•    EXECUTIVE  BRANCHES  OF  THE  GOVERNMENT  ARE  TO  BE  USURPED  OR  A.SSUMEO 
BY  THE  NJBW  ORGANIZATION. 

•  • 

The  Institution  shall  have  no  legislative  or  funding  authority. 
Major  responsibilities  shalT~be  the  assessing  of  existing  and  .: 
t  emerging  nat lonefl  needs  and  opportunVt  1 tes ,  evaluat Ing  policy 
alternatives  anil  presenting  the  results  to  the  President,  Congress  .* 
and  Public  for'the  usual  review,  modification  and  fundings  when 
found  worthy.     Subsequent  policy  Implementation  Shall  be  the 
responslbf!  t  t'y  of  appropriate  agencies  designated  by  the  Congress. 

> 

The  fcM«njc(B_pf  foljcy  4 
«i 

We  assume  that  the  ultimate  purpose  of  a  democratic  state  Is  to 
Insure  the  hlgn^st  possible  life  quality  for  Itt  citizens  consistent  with 
f  the  demand*  of  national  security.     In  this  contdxtj  the  Idea  that  national 

policy  exists  to  serve  the  nation's  goals  and  aspirations  Is  generally  accepted 

I 


r; 
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•However,  the  precise  meaning  of  the  word*  "Industrial  polity"  when  taken  out 
of  content  is  not  chear  for 'there  ar*e  many  possfble  combination^  of  macro* 

endjndustry  specific  Interventions  leading  to  an -almost  infinite 
number  of  "Industrial  pollcl-es."  .  "       *  ' 

in  addition  to  high  level  macro  tax,  expend I/ture and  monetary  Interventions 
and  the  Important  special  cases  of  foreign  and  defence  policy,  an  under- 
lying sea    of  national  policies  exists  jt hat  can  be  organized  about  th*e 
categories  of  life  quality  (civic)  policies  and  economic  (business)  policies 
somewhat  as  follows:  (  *         f  ^ 


Qua! I ty  of  Life 

*~  i 

Hnu*  i  ng  Pn  I  I  cy 
Health  Policy 
EHutat  Ion  Pol  icy 
Env I ronment  Pol  Icy 
Publ ic  Safety  Pol  icy 
Cultural  Policy 
Recreat  ion  Pol  Icy 
tqual  Opportunity  Policy 
Ulvll  Llba/ty  Policy 
Public  Transportation  Policy 


Economic  and  Business 


/ 


Regulatory  Pol  Icy  ■ 
Trade  and  Investment  Policies 
Enterpreneurshl p  Policy 
Small  Business  Po-ljjcy 
Savings  Pol  icy 
Finance  Pol  Icy 
Interest  Pol  Icy 
Economic  Growth  Policy 
Energy  and  Materials  PoJl.cles 
Publ Ic  Work  Pol  Icy         '  «"  ■ ; 

Infrastructure.  Pol  Icy"' *  * 
Human  Resource  en^Employment  Pof^cTei 
Inf  I  at  Ion  9o\\cf  \ 
,R£D  Policy 

In*  the  real  world,  neither  policy  category  tarr'stand  a  lone,  Independent 
of  th^  other.      The  resources  necessary  to  maintain  the  desired  national 
life  quality  are  a  direct  product  of  the  composite  of  economic  and  business 
policies.    At  the  same  time,  Successful  ( Imp  j/rtnentat  I  on-  of  "Industrial1!  policy,, 
must  depend  among  other  things  upon  the  Intellectual  resources  and  skill's 
derived  from  our  educational  policies,  the  cultural  environments  In  which 
bustnesl  will  operate  and  finally  the  policies  for  resource  allocation 
between  (life  quality  and  economic  advancement.'  *  1  ^ 

By  Itself,  pure  "induvfrlel  Policy"  servlrfg  only  economic  and  business  needs  Is 
sterile  and  In  practice  counterproductive.    Japan's  Ministry  of  International 
Trade  and  Industry  (Ml T 1 )  quickly  found  that  t he teer I y, successes  of  I  trs 
"Industrial  policy"   led  to  subs  tent  la lt  degradat Ion  of  the  nation's  physical 
environments  and  an  overcrowding  of  Its  major  cltfes.    MITI  was  forced  to 
add  to  Ms  policy  agencies  offices  addressing  environmental  protection,  water 
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resource^  plant  siting,  safety,  rural  development,  ate.    Indeed,  of  {ha 
thraa  new  rational  goaU  defined  In  the  Vision  of  Hit  I  Policies  In  the 
1960S,  trie  first  yoel  is  Improved/Quality  and  Qomfort  of  Ufa  and  the 
second  I  s  that  of  Con t  r  I  but  I  nq  to  t  he  I Irt t$ rnat  i one  1  Community,    Pnly  the 
third  objec 1 1 ve ,  Overcoming  the  limitations  of  Mater le U  fUtources  and  * 
barfly,  would  fit  the  conventional  view  of  ''Industrial  policy."  • 

Regardless  of  definition,  "Industrial  policy"  debates  by  their  vary  rtajure 
are  too  narrowly  focused  to  be  productive..  The  IssuV  should  be  opened  up 
to  Include  the  full'  range  of  Interacting,  Interdependent  policies  wh  1th 
together  seek-to  secure  the  national  life  quality.  .  \. 

PoM.c%  v»*  PoU  cY  Mechanisms  . 

It  Is  our  premise  theT^he  need  to  anticipate  change  end  provide  timely 
response  require"    a  formejj  comprehens  Ive  policy  facilitating  mechanllsm  ■* 
which  does  not  now  exltt,    The  present  U.S.  ed  hoc  process  which^ia*  * 
served  us  so  well  for  nearly  two  hundred  years  Is  too -Insensl 1 1 ve  end 
cumberspme  for  national  survival.    Our  eroding  Industrial  base  atteftt  to 
our  Inability  to  accommodate  the  Industrial  rate  of  chenge  experienced  durltig 
the  past  twenty  .years  and  leaves  little  hope  for  a  future  that  gives  every 
Indication  of  changing  at  a  still  accelerating  rate,  '  ^ 

a 

A  major  Institutional  Innovation  Is  required,    A  given  "Industrial  policy11 
or  policies +t\ II  not  Suffice.     Indeed,  If  we  were  fortunate  enough  to  ^ 
Stumble  upon  a  perfect  "Industrial  policy"  or  national  policy  framework, 
the  nation  does  not  have  the  means  to  recognize  the  perfection  of  these 
pbJIclet^  assess  the  consequences  of  their  wisdom  or  put  together  In  a  1 
timely  fashion  the  national  concensus  necessary  to  create  the  lulteble 
enabling  legislation.     In  other  words,  we  do  not^  have  even  a  rudimentary 
engine  to  drlvs  Oiir  npn  existent  «pol Icy  ship,  ' 


o^ir 


Further',  tha  dynamics  of  a  modern  Industrial  society  guarantee  that 
national  policy  mutt  continuously  change  for  the  Society  to  prosper.  * 
International  competition  Is  shifting  rap  1-9 ly.    The  competitive  life  y 
many  high' technology  products  Is  less  than  four  years.    In  1902  , the  U.S. 
Gonerel  Accounting  Office  made  a  study  of  JatHfa't*  Impressive  growth  from  a 
war  devastated  nation  In  1$fp,  to  o  major  economl^power  today  and  found  (  5) 
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Japanase  industrial  policies  have  changed  significantly 
ovar  time  In  response  to  changes  In  tha  I ntarnat lonal  and 
domestic  economy.    The  f lexlbl II t*,  of  such  policial 
may,  In  fact,  be  "the  key  to  the  apparent  success  of 

Industrial  policy  In  Jepan,"  1 


Specific  examples  abound  of  1 1 teral FY  overnight  shifts  In  external  con* 
dltlons.    The  ''oil  shocks"  made  major  changes  In  the  economics  of  entire 
Industries  Including  aluminum,  shipping,  petrochemicals,  cement)  air 
transport,    *  a  . 

We  agree  with  fche  C.A.O.  report  and  would  only  add  that  policy  flexibility 
requires  a  pol.lcy  mechanism  to  recognlie  changes  In  the  environments  and  to 
modify  policy  accordingly..  . 

« 

FOUNDATION  FUNCTIONS  AND  STRUCTURE 

f 

J  Turning  to  the  proposed  legislation,  a  successful  National  Policy  Feci  II- 
tatlng  Institution  wl II  require:  First,  a  comprehensive  high  quality  Infbr-' 
,matlon  and  data  base;  second,  first  rate  Independent  cepabllltles  for  the 
analysis  of  national  problems  and *bpportunl t las  and  the  assessment  of  policy 
alternatives;  third,  highly  visible,  socially  representative  mechanisms  for 
achieving  national  policy  consensus;  and  fourth,  the  means  to  facilitate 
and  implement  those  policies  for  which  there  Is  r\o  presently  existing 
suitable  organization. 


The  world's  more  aggressive  trading  countries,  Japan,  Germany  and  FAnce, 
have  structured  their  national  policy  Institutions  to  perform  the  pro- 
ceeding tasks  quite  well.    Describing  the  Foundation  by  considering  each 
of  Its  four  functions  In  turn,  we  shall  reference  comparable  ectlvltlas 
from  other  nations  along  with  one  of  the  oldejst  and  most  successful  examples, 
of  Industrial  policy  -  the  U.S.  Agriculture  system. 


P6 II  cy :  \n  f  o  r  maj  I  o n  a^  J£*te 


When  the^tensi^  Information  services  of  the  Government  are  taken 
as  a  whole,  It  Is  quite  evident  that  our  national  data  systems  are  falling 
on  practically  evary  account.    J'«  Pater  Grace,  Chairman  of  the  President's 
Private  Sector  Survey  on  Cost  Control,  asserted  (  6) t 
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11    Tht  wholt  data  proctfflng  thing  Is  one  big  mess. 

...   the  government '  s  19.300  computej||  era  ofttn  * 
incompatible  wl  th  pn§  another ,  shelV  no  common 
bete  of  reliable  data,  ,use  different  accounting 
systems  and  operate  wlih  obsolete  technology ,  <• 

The  Technology  Task  Force  of  the  National  Sodaty  of  Professional 

t  •  ii 

Engineer  con M rmed/tho  I  n'ef  f  I c  lency  of  our  currant  national  data  systems, 

reporting  (7)  :  * 

"    Each  data  base  hat  baan  col  lac  tad  for  pne^  pur  pot  a 
without  ragard  for  others,     Thay  ara  not  accessible 
from  one  computer  ternlnel  and  cannot  ba  puMad  t ciVia t rio r 
to  provida  a  total  picture  of  what  Is^heppenlng  In 
any  ona  Industry  on  a  world-wide  bft^s.     Not  only  ara 
tha  format)  incompat lblav  tha  data  gatharlng  It  often 
on  Incompat I ble.t Ime  bases  or  according  to  mutually 
Incompatlbla  categories  of • Information,"  . 

At  the  rmtional   level,  proposing  policial  to  Influence  tha  future  of  U.S. industry 
wl thouO^bana f  I  i  of  a  comprehans I va  factual'  foundation  Would  seem  foolhardy 
and  Irresponsible,     Vat   In  writing  about  declining  Industrial',  Raich 
observes  :  *  ..  v 

"    No  agency  of  tha  U.S.  government  has  overall  responsibility 
for  gathering  detailed  Information  about  world  market  trends, 
the  competitive  strategies  of  trading  partners,  and  the  long- 
term  outlook  for  particular  seqments  and  firms  with  global 
markets      Instead,  the ■ Informat Ion  Is  gathered  piecemeal 
within  the  Commerce  Department,  the  State  Department,  the 
Treasury,  tha  Internal  Revenue  Service,  the  Securities  and 
CuChange  commission,  the  Federal  Trade  Commission,  and  other  <> 
agencies  and  boards  concerned  with  particular  Industries,  and 
(t  Is  gathered  In  fuch  broad  categories  of  Idlbsyncret Ic 
detail  tflkt  It  Ii  pf  little  use  for  jwjklng  industrial  policy. 
(Under  I  lnVedde<r.T  "For"  eKemple,  when  t  h  eDTiT  go  vf  r  nme  n  t  wa  s 
faced  with  pleas  for  loan  guarantees'^ ro*- the  Chrysler  Corporation, 
t  no  government  agency  wqs  prepared  to  evaluate  Chrysler's  position. 

.    ,        Congress  was  /orced  to  rely  on  a  perfunctory  study  of  the  Industry 
supplied  by  a  private  consulting  firm/', 

*  e 

To  summarize  the  situation,  at  a  time  when  the  public  and  private  sectors 
need  ready  areas*  to  high  quality,  current  Informat  lo£t  our  present  policy 
Information  systems  are  far  from  adequate. 

Ah  early  task  of  the  Foundation  will  be  to  develop  and  Inplement'  a  comprehensive 
Am)  coherent  National  Information  and  Statistics  Policy  In  coordination  with 
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'  exist  I ng  pub  I lc  and  private  Informet Ion  agencies.    Yhl s  pol Icy  would  be 
directed  to  the  basic  direct  and  Indirect  factor*  Influencing  the  national 
quality  of  life,   Including  a  continuous  assessment  of  U.S.  and  foreign 
technology ,sc lente ,  market*,  market  trend*,  trade,  regulation*,  customs, 
tlrlff*,  Industry,  economy,  resource*,  energy,  business,  commod I t te* ,  etc. 
The  objective  would  be  to  efficiently  provide  and  make  readily  Available 
the  Information  and  statist lc*  necessary"  for  the  more  effective  functioning  of 
all  societal  segments  and  policy  makers, Including  Industry,  gOvergment, 
labor,  etademla  and  the  profession*, 

r  » 

The  public-private  Information  mechanisms  of  the  Institution    can  be  bast 

Illustrated  by  a  unique  American  success  story.     Over  100  years  ago  the 

•  **  "  0 

U.S.  set  in  placr  industrial  policy  that  became  a  world  Industrial  policy 

'•a 

model.    f<  partnership  of  government.  Industry  and  education  was  created  that 
made  the  U.S.  agriculture  Industry  the  world's  most  efficient  generator  of 
food  ami  \o reign  eachanqe.    At   this  time,  less  than  3-  of  our  working 
force  produces  over  120*  of  the  nation's  food  requl rement*. 

Central  to  the  success  of  u.S,  Agriculture  Is  the  comprehensive  agricultural 
Information  system.     Dat<t  and  statistics  are  drewrt  from  aJI*o.ver  the  world 
using  every  knQfcn  source  Including  satellites   t0  monitor  world  food  production. 
The  U.sf  farmer  has  ready  access  to  detailed  Information  ranging  from  wqrld 
food  markets  and  produrtlon,  farm  management ,  Irrigation,  agronomy,  biology, 
plant  pathology  to  jhe  operation  of  a  home  garden  and  the  canning  of  fruit. 

Agriculture  extension  provides  clesses  to  educate  faftfcrs  In  the  vary 

latest  production  techniques.     If  Information  Is  not  available,  the*  government  , 

Joins  with  Industry  and  university  to  generete  needed  knowledge  In  government 

and  university  laboratories.    The  agriculture  support  system  Is  heavily 

Involved  with  productivity.    Much  of  California's  farm  machinery  was  Invented 

at  the  University  of  CallforrrTef     The  C«1 1  fornla,  Wine  Industr.y  owes  an 

enormous  debt^  the  basic  work  done  at  the  University  of  California  Davis  campus. 

*  \ 

Thiw<|ovrrf»men-t  •  s  roli  In  agriculture  Is  very  clear.     It  I*  to  help  the  agrl^ 

culture  Industry.  i 
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In  contrast  to  the  U.5.  neglect  of  Industrial  end  business  Information, 
the  Japanese  have  adapted  the  U.S.  agrkul^ura  Information  system  to 
qeneral  Industry,         The  Japanese  became  Concerned,  In  theJ950!*  about' 
bllnd'tradV  I. a.,  manuf ecture rs  oparattng  without  detailed  Information  on 
what  thay  should  bt  producing  for  various  foreign  markets.     In  1958, t Ha 
Japan  External  Trade,  Organization  (JETRO)  wai  eitebl  Ished.  as  a  public 
corporation  staffed  and  oparatad  by  MIT  1 .    With  a  budgat  Of  $66,000,000, 
jfTRO  Is  an  Information  vacuum  claanar  sucking  up  all  avallabla  lotarnat lonal 
data  on  an  extremely  wide  spectrum  of  matters  ranging  from  productivity 
Approvement,  national  lift  quality,  technlcel  and  Scientific  advances,  trade* 
tariffs    $nd  economic  Indicators  to  local  more*  and  Customs,  (  ^ 


Foreign  information  and  data  Is  collected,  organized  and  analysed  by  JtTRO. 
Similar  domestic  information  Is  gathered  by  M1TI,    Dissemination  Is  pro- 
vided by  a  computer  I /ad,  system  with  powerful  software  organized  to  offtr 
data  analysis  and  manipulation  for  public  and  private  policy  creation  and 
decision  makl'nxj.     M0n  llne't  terminals  throughout  the  country  make  th* 
data  available  to  all  offices  of  the  government,  private  enterprise  and  the 
national  policy  councils.  ^  * 

Japan's  Information  and  statistics  system  at  a  fraction  of  the  u\S.  expander* 
produces  substantially  more  useful  product. 


Ana^sls  and ,_A***A^/LL.  1 

A 

The  long  term  quality  of  national  1 1  fa  shall  be  the  major  concern  of  the 
Foundation  ,     To  Create  rational,  consistent  policy  In  ^he  nat lonar; interest 
requires  a  deep  understanding  of  Jthe  foreign  and  domestic  trade  strategics, 
policies, technologies,  <<tc. .  that  create  the  environments,  phys I cal , bus Iness , 

*  medical .education,  civil,  etc.  which  together  determine  whaj  we  call  the 
.quality  of  national  life.     Drawing  upon  the  improved  national  data  base  the 

M^jiutlqn  will  analy*  programs  and  policies  to  aval  uate-  end  .assess  their 
preseit  and  future  Impact  upon  the  national  life  qual  I  ty.  Including  especially 

the  health  of  the  industrial  establishment. 

*  v 

E^rglng  natWil  opportunities  as  well  as  potential  national  problems  w^uld 
be.  Identified  and  Analyzed,    for  tfose  areas  where  a  formal  policy  mechanism 
\f\ot  exist  or.jprrsanl  policies  are  Inadequate,  the  Foundation  would  examine, 
lofte.  And  ***** 


does 

0V.1 


assess  national  policy  alternatives  In  tha  Interest  of  national 
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welfere,  tha  stable  development  of  the  •conomy  and  the  national  life 
duality.     In  essence,  tha  business  of  this  taction  of  the  Foundation  ' 
Shall  ba  tha  continuous  monitoring  of  tha  quality  of  national  Ufa, 
IfrfttiriCftlon  of  tha  pending  opportunl tfai ,  needs  or  unresolved 
problems  that  would  Influence  tha  national  welfere,  end  tha  formulation 
'where  appropriate 'end  assessment  of  policy  alternatives  to  maat  tha  netlon's 
long  term  netds  Including  especially  tha  health  0f  tha  Industrl *l  VftebH shment . 

A  similar  function  li  performed  by  FranceVXommlsserlet JanartfT TluVlan" 
created  ef.ter  V^W,  II  to  matt  tha  condition*  for  Marshall  Plan  aid 
MITI^  Industrial  Policy  Bureau,  serves  to  assess  and  coordiiate  Industrial 
policy  for  Japan.  1 


Pat  Cheote  has  test  If  led  (  8  ) : 


Jh*  fctY  to  Industrial  policy  Is  putting  In 
placV^a  few  mechanisms  that  will  facilitate  the 
creatTbn  pf  longar  term  vision  and  the  translation 
of  theft  vision  Into  policies  and  coordinated  action," 


The  Juncture  between  analysis,  creation  of  longer  te'rm  vision  and  trans- 
lation Into  policies  must  always  be  of  public  concern.    To  Inlure  a  .proper 
tremltlon.  we  look  ,to  the  third  function  of  the  Foundation  •  the  Search 
for  Consensus. 


The  Search  for  Conse 


?njus. 

T 


Respected,  prestigious  Independent  standing  National  Council*  would  be 
created  to  effectively  bridge  ttfe  lnterfac|  between  vision  and  polity  and  provide  a 

viable  public  policy  process  that  e^.essei  tha  net  tort's  longer  term  esplretlons. 

\  . 

independent  Councils  appointed  to  Lv\r  the  full  range  of  social  and 
Industrial  policy  and  policy  strjctuYe\  are  central  to  the  policy  process. 
Acting  upon  their  own  Inl  t  lat  Iveor/upcii  policy  questions  posed  by  the 
President,  th,e  Congress  or  tha^Wfat  \\nt  t^t  Councils  would  Insure*  that 
public  opinion  Involving  a  br/ad  cross  section  of  the  public  ha*  been 
carefully*  Integrated  Into  tl/a  policy  exercise, 

-  ) 


o 
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Tht  Councils  are  specifically  designed  and  chprfced  with  the^spons  Vbl  I  I  ty 
of  servlncjL.es  highly  visible  public  forums  for  national  policy.  Council 
membership  would  be  drawn  from  out  si  da  tha  Foundation  and  compos ad  of  , 
leaderi  In  concerned  ^industry ,  labor,  experts  In  tha  mattars  dellbereted 
uponwganar#l  consumers  and  experts  from  a  wida  spectrum  of  society  'Including 
finance,  government,  edgcet I  on ,mats  madia  and  tha  professions. 

y 

Tha  Councils  will  fill  a  major  structural  'gap  In  our  present  Institutions. 
Turning  to'Aelch  once  again: 

"    America  and  Britain  cling  to  the  fiction  of  a 
"managed  ecnnomy"  In  which  government  merely 
applies  neutral  principles  of  fiscal  end  monetary 
policy.     Structural  adjustment  cannot  be  a  part 
of  this  managerial  agenda  bacause  there  Is  no 
consensus  about  the  direction  adjustment  should 
take  and" no  organ  1 le  t  Ion a  I  arena  {pr  forging  such  ■ 
a  consensus  r^TD^dVr'l  l'ne  acTdedTT  \\ 

The  Foundation  and  Cnunr fu  provide  both  the  machinery  for  defining 

viable  eoUcy  alternatives  and,. .the  orgartlsrat  lonel  arena*  In  which  consensus 

can  be  forged.  **.'•• 

AM  of  our  leading  trade  comeet  I  tor^^heyre'  wet  I  established  Institutional 
mean*  for  obtaining  a  co^enVj*:    Germany's  Sta^blj  1  ty  and  Growth  Act  of  Ij66 
teblishad  a  tripartite  con'su  ijftt  ion  process  to  obtain  consensus  among  labor, 
business  and  government.    MITI  has  thirty-five  associated  Independent 
Councils  with  over  $00  standing  committees*  that  reach  every  walk  of  Japanese 
life. 

It  has  taken  over  twenty  years  for  the  country  to  achieve  Its  present  state 
of  Industrial  disarray.    Recovery  will  not  come  overnight  and  Sacrifices 
^111  be  required  to*m*ke  the  necessary  adjustments.    Reich  observes 

# 

"    ...we  will  also  need  a  national  bargaining  arena  for 
allocating  the  burdens  and  benefits  of  major  adjustment 
rft  rategtes,    Such  ah  arene  would  enable  the  netlon  to 
\         *'  achieve  a  broad  based  consensus  about  adjustment. M 

In  a  practical  sense,  the  public  debate  and  consensus  available  through  the 
Councils  will  be  of  substantial  value  In  enabling  elected  officials  to 

e) 

take  policy  leadership  positions  that  hove  ley  danger  of  getting  too  far 
eh*od  of  public  opinion. 


\ 

\ 
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•Im- 
policy I I e^en («it  i on  ^nd  fac  M  1  tat  Ion  ^^i^ 

Possess  inrf  no  lrf|'  «•  lat  !  v*  <>r   funding  juthorfty,  Counc  1  i  and  Foundation 
proposa  I  s  wt>uld  hi*   sutn't  I  led  lo  the  Conqress  and  President    for    t  he  usual 
review,  nod  i  f  ical  io'i  and  n'ipn   found  worthy  •   funding  and   leqlslative  action. 

I  up  I  effen  ( a :  in"  of  an>  proqrams  created  by  Foundation  pulicy  p  r^posa/ s\wou  I  d 
be  t"r  r  rsp  »ns  i  bi  I  i  t  y  c>f   the  appropriate  aqencies  designated  by  t^rV  Congress. 
In  prflrtur,    implementation  of   important  national   policies  may.Jana.uish  for  lack 
of  an  exist  inq  g'»ve  r  nmen  i a I  aqenry  that  wi M  pursue  tbem.     frfr  example,  m^ny 
eleni(>nt>  of    industrial   develupfnent  crucial   to  our   International  tompe  t'i  t  i  veness 
sm  *   as   i  nt  eqr.it  iv'  i  i  r  f  w  ;  t  s  have  required  Defense  Department   sponsorship  s  i  rice 
there   is  no  concerned,   competent   civilian  Agency.  , 

t,.  f«ll   the  j»lity   facilitation  gao,   the  found.*  t  i  an  .when  appropr  i  at<  ,wcw1  d  serve 
l  ,  .idv.VM  c   Jb»»       v»'|(nrn-w   and  applied  research  renuired  to  realize  the  policies 
f i  i   those  areas  «  r  nati<»Mal  to'»ce»n  not  adequately  supported  by  exist inq  depart** 
j^iwent'"       Cooperative   industry,    labor,  un  I  vers  1  ty  ,prof  ess  i  f\ns  and  qovernment 
prnqrams  wnuld  be  e»M  oiti  aged  ami  farilltated.     Attention  would  be  qrven  to 
removing  the  barriers   that    prevent   early  emergence  of    Industry   for   the  future 
or    the  orderly  retirement  or   renovation  of  dec  I  in inq  Industries, 

As  an  ope rat  inq  laboratory  for   t he   foundation,   the     National   Bureau  of 
Standards  would  be   transferred   from  Comry»r(e.     Closer    ties  would  be  Created 
with  the  country's  national    laboratories   that    in  many  cases  nave  outlived 
original  mahdalfs       B.i  s  i  r    technologies  romroon  to  all   or  many  industries 
would  be  addressed       found a  t  i  on  (  ethno  I  oq  i  ca  I  participation  would  be  limited 
to  development   and  research   ir-prreas  of  national    Interest  where  sufficient  t 
development   cannot   be  expected   from  private  enterprise  alone  due   to  high 
risk,   prohibitive   ('>M.   or   long   lead   t  Irves       Reyond   the  Rf.  P     prof' rams, 
(ormv»r(  iali/ation  and  diffusion  of   new  teihnoloqy  should  be  handled  by  the 
P/lvate  sector 

Although   the   federal   government  ilnw  provides  substantial   support    for*  science 

and  t  e^hoo  I'M)  i  i  ,i  I    <mppo/ t    for    srlerted   Industrie*   such  as  aqrfculfure,  aviation, 

and  conrmei  r  i  a  I    fi.lieries,  we  presently   lack   the   Institutional   r.ipacify  to 

for  us    pi  di)' ams  on  the  (  o»»pe  t  i  t  i  ve  per  fro  evince  r)f  run  economy  as  a  whole. 

As  X  st(>p  to  remedy  these  do  f  1 C  I  '"'f  I  e  s  ,  l\  be   foundation  will  acquire  the  Centers 
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for   Industrial  Technology  authorized  by  Public  Law  96*^0, with  respons  I  bll  I  ty 
to  join  the  professions,   industry  and  the  university  In  cooperative 
dttivi tits.  Including  generic  research  of  use  to  many  Industries.  On 
the  matter  of  <|ovf rnwnt  mandated  health,  safety  and  environmental 
regul  at  Ions  .^^por  r.  am  activities  of  the  centers  would  be  cooperative 
tffvrf,  to  ensure  that   regulation',  are  achievable  by  developing  the  basic 
methodology  and  technology  necessary 'to  establish  feasibility. 

At1v«>'ue  l      nations  us«r  a  wide  range  of   Institutions,   laboratories,  associa- 
tions, ew    ,   to  facilitate  Industrial  policy.     Germany's  primary  industrial 
policy  instrument    is, the  Ministry  of  Research  anH  Technology,  DHFT.  Pro- 
motion df  innovation  ami  technological  development    Is  the  responsibility  of 
the  Technology  Tempi   and  the  tyiture  Financing  Corporation  ,    RMfT  funds, 
In  addition,  Trade  Associations,  Fraunhotar  uese 1 1 schaf t ,  with  twenty-eight 
individual   it-search  Institutions  organized  on  a  disciplinary  basis  to  carry 
out   research  useful   to  industry. 

MITI  has  a,  very  broad  policy  facilitating  responsibility  that   Includes  trial 
policies.     Polity   i«.   i mp I ement ed  thrnugh  the  most  appropriate  of  a  number  of 
means.     The  fifth  generation  computer  piogram,   for  example,  was  established 
a.  a  not   for  pmfit  i  iKip«r  ,H  i  ve  corporal  Inn.     On  the  other  hand,  many 
technology  policies   in/l  tiding  the  Sunshine   (new  energy  sources)  and  Moonlight 
(energy  cons^rvat i ryO  programs  are  carried  out  by  MlTI's  "Agency  for  Industrial 
Science  ami  TPr  hm/l  ngy . "    This  agency  with  a  hudget   of  $/00,000,000  has  six- 
teen major   na t 5  on ji^  1 abora t or  I e s  and  the  National  Standards  Department, 

COST  * 

The  eionnmlt   value  of  stable  national  policy  Is  substantial  but  Its 
calculation  Is  beyond  this  paper.     We  have  only  enough  space  to  briefly 
examine  the   incremental  cost   to  the  Government  of  the  proposed  institution. 

The  National  Polity  Facilitating  Foundation  has  heeo  structured    to  perform 
'  -ic   functions       Fxamlning  each  of  these   In  turn,   It   Is  arj^irent  that 

the  t'oposffd  functionate  offered   In  one   form  or  .mother   by  existing 
qovet  ni>*Mii    igi»iules,  departments,  bureaus,  etc.,  but  generally  without  the 
national   policy  orientation  and   required  cooperative  partnership  of  business* 
and  government.  Of  the  four   Found*! ion.  Tunc t Ions ,   the  two  mosl  expensive  by 
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f*r  will  br  the  establishing  *nri  maintaining  of  a  reliable  policy  data 
base  and  policy  f  ac  i  1  1 1  at  ion  but   these  are-also  the  two  activities  for 
wh.th  the/o.rniiaiiuHs^hould  be  able  to  actually  reduce  the  net  financial 
burden  upon  ihc  qovf mm<> 

Pol  ic  y  Data  Base 

As   the  ..or  Id's  Mrlirsr  usr  0f   larqeScale  computer   information  system*, 
»t    *s  not   surprising  that   the  U.S.  had  uN»<eak^round  both-  for  equipment 
an.1  data  systems.      It    is  *•  I  so  not   Surpr I s ing  thL  wi th  no  formal  mechanism 
for  national  poli(v  f.ic  i  I  i  tat  ion ,   the  nation's  dataNystems  are  organized 
tn  L>rw  <fe   limited   local   answers.  * 

Peter  Grace's  committee  has  already  made  the  case  for   the  massive  upgradinq 
ttf  government   computer  equipment   and   inforrr^it  f  t»n  systems   to  provide  better 
service  ,,t   retired  <M»eiatlnq  Cnsts.     Rat  ional  i/inq   i  be  data  base   to  allow 
interlinking  of  machines  and  ria<,l  will   provide  the  necessary  data  processlnq 
foundation  at   s  rhs t an \ i a  I  I V   less  cost.     Rat ional ii  Inn  our  national  information 
requirements,   reducing  unnecessary  duplication  and  creating  the  basis  for 
cooperative   Information  sharing,  will  allow  l he  U , S .    to  substantially  increase 
its   information  q.il  her  Inq  xapaUi  I  i  I  y  with  no  financial  penalty.  ' 

Policy  Analysis  and  Assessment 

Every  department  if   the  government   and  most    large  aqencies  are  served  by 
theii   own  pol i  t  y  groups.      These  groups  p rov 1 de'  pn 1  I c y  analysis  and  assess- 
ment   In  the  context   of  the  mission  of  their  host.     The  availability  of  a 
common  comprehensive   national  and    International  policy  data  base  will  obviously 
Improve  the  effect ivlty  of  most   local  policy  agencies  and  reduce  their  data 
acquisition  (o<;ls.      By  thawing  upon  the  expertise  of  existing  pr  I  vat  e  "  publ  I  C 
policy  entities  and  treat  "mo  cooperative  national   policy  assessment  under- 
takings,   the  Foundation  will   be  able  to' keep  the  additional   funds  required 
for  national  policy  analysls\nd  assessment   to  a  reasonable  level. 

Po  I  I  c*y  Consensus  . 


Kerch  conclude.*  thai; 


\       etrmomii   progress  ctfipenrl*  to  an  unpr  ec  edrn  t  ed 
t!«'.|»f»e  upon  co  1  I  abm  at  Inn   In  our  workplaces  ahd 
coosnosuS    in  our   policies,1'  - 
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To  the  extent  that  this  statement  \%.  true,  the  cost  of.  the  Council*  will 
be  Insignificant  compared  to  the  expected  economic  gains,    As  the  member- 
ship of  the  Councils  would  be  drawn  from  outside  the  Frwndation,  direct  * 
council  cost  will  be  nominal      These  expenses  r>lus  staff  and  fad  Ht  lei 
wt  I  I  be  new  ffiMs  althoucjh  to  some  extent   the  National  Policy  Council* 
will   supplant  other  councils  serving  more   limited  objectives. 

Policy  Implementation  $nd  Facilitation. 

.   .  .  J. .         r  .  .  .    ^  

It    is    ir  the  policy   i  mp  I  eo»enrat  i  nn  and   facilitation   function  th,it   the  Foundation 
with   its  mandate  for  cpope  r  a  Pyb  I  I  c -pr  I  va  te  partnerships  will  cVeate 

savings  and  a  national    return   fat    in  excels  of   the  government's  Investment. 
Industrial  advantages  will  exceed  those  already  realized  by  our   long  standing 
arqj(ulture    Industry  policy.     Even  a  small   crack   In   our  present  government- 
business  adversarial  mold  opens  up  a  host  of  possibilities.     Let  us  look 
at  two 

Cooperative   industry,    labor,   university  and  government  programs  would  be 
encouraged  with  attention  given  to  areas  where  sufficient  technolngical 
development   cannot   he  expected  from  private  enterprise  due  tn  high  risks, 
long  lead  time**  and  the  sheer  magnitude  of  the  Investment.     Large  scale, 
high  risk  undertakings  of  this  nature   in  the  past  have  been  financed  almost 
exclusively  by  the  government      With  the  government   taking  the  Initial  risk 
to  establish  feasibility,  cooperative  civilian  programs  will  attract  early 
Industry  participation  with  con t r  I  but  Ions- of  personnel  and  funds  to  materially 
reduce  the  rost    to  the  government.     MITI  has   fnund   that    Industry  will  actively 
bid  for   the  right   to  participate   in  high  priority  national  programs  such  as 
the  fifth  generation  computer  and  the   flexible  machining  Center. 

Ar;  a  second  example,   by  changing  environmental  protection  from  Its  current 
adversarial  opeiatlon  to  a  more  rational  undertaking  modeled  after  nur  agricultural 
system,   large  benefits  would  be   Immediately  realized  by  Industry,  government  • 
and  t  h<«  general  economy      Our  "hand  I  I  fig  of  auto  exhaust  omissions  stands  as  a 
monument   to  duplication  and   inefficiency.     Typically,  a  young;  bureaucrat, 
without  knowledge  of  t ho  full  physiological   effects  of  emissions  or   the  cost/ 
benefit   trade-off  of  an  extra  0.1?;  reduction  of  emissions  would  set  standards 
without  knowing  If  they  were  practical  or  achievable.     Fach  of  the  four  auto 
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manufacturers  would  then  Jndependehf.ly.consume  their  Umi  teoVdevelopment 
fund*  to/  .  .tm-m 

'•  •  v 
*  a) :  Invest  igate  bade  phenomena;  r 
b)  educate  engineers  in  the  problem} 

it  is  difficult  to  conceive  of  a  more  wasteful  process? 


c)  develop  generic  methodology  to  saUsf^  the  requirement 
'    if  It  can  be  sat  I sf led. 


With  a  Foundation  dedicated  to  cooperation,   Industrial  environmental 
policy  Instead  would  call   for  Joint  government,  Indusfcr.V  ind  university 
efforts.    The  governmental  th  Industry  support  would  subsidise  the  'Invest  Iget  Ion 
of  the  <fcaslc  phepo^e/neV'at   tne  university.     The  university  would  not  only 
ley  the  foundation  for  resolution  of     the  problem  but  also  In  the  pro* 
cess,  educate  young  engineers- lo-^pj.ernent  the  solution*  -  and  this  Is 
quire  Imp.o/tant ...  A  solution  wl  thout  trained  minds  for  Its  Implementation  Is 
tfs*les<.    Commerc la^ i/ation  and  dlstr Ibut Ion  of  the  practical  results  of  the 
collaboration  would.  Of  course/  fall  to  Industry.  . 

.    THE.  ULTIMATE  POLICY  ISSUE 

^Preoccupation  with  current  "Industrial  Policy"  has  preye.atfld- from 
considering  whM  shall  before*  the. consuming  issue  for ,:^V^ahce  of  this 
j^ntury.    Yet  It  Is  ihl  sjprob~I*m  that  ^1 1  decide  the  final  life  quality 
v^of  the..U.  5.  for  the  fGrseeefrte'  future/  .  :■ 

, ;  .  ^   '      «         •■*  V-"'- ■  ■  -.         ■'  ' 
There  is  ftow  If* "piece (t^jur  devolution  wfth  Social  and  economic,  consequerifces 
^ulv-He-nf  <o f  anything V*t  ^Ptf^^ced  by  our  country.    This'  modern  revolution 
^Mttf  such  magnftiide  and  so  far  reaching  that  permanent  Industrial  changes 
are  mlstakert  to  be  'temporary.    Consequently,  then*  has  been  little  or  np  * 
4 1 1  *mp  t  to  vj  *  u  a  I  l*a  e  t  he  /0o  I  ^  me^-*rf  fjjtoff  ?j fed  to  appropriately  deal 
with  phen09»«na  of  thl^maghUude'.- :    ■  .  , 

V ■  "r- 

.    .  .";-.-•......=.  '    • .  '  •         ..."  .      •"■  ■- 

In*  d«t«f^or>^_lo.n;^^j^/-m*jar  U.S.  Industry  after  another  coupled  wl  th 
^•Ihe  verY  real  sufier^VoF  the  unemployed  causes  Us  to  naturally  seek  short 
*■  •  r-  term  relief .  -  Hungry  people  Wti  dying  Industrie^  We;  look 

to  hlgfi  lechnaloay  Mdusrry  en*  flexible  manufacturing      i(p  tfriiswer  *nd  to 

\  "     protectionism  to  buy  tlmev '--ftiif '  high  technol  ogy  and  protect  I ojt'im  are  not 

enough  to  carry  ui  Into  the  next  centuryi  -     *•  -.•>■■' 
*  V  .  ■        ■  - 
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The  problem  cln  be  put  Into  peVspectlve  by  considering  two  sets  of.  data. 
For  the  firs/    At  the  end  of 'the  last  century,  ,50*  of  the  U.S.  working 
population)****  engaged  in  agriculture.    By  19*0,  less  than  3*  of  the 
working  population  produced  enough  food  to  feed  120*  of  our  entire 
population.    For*  the  second  set  of  data:  50^  of  U  S.  Worker*  were  employed 
by  manufacturing  In  19^7.     By  1968  manufacturing  engaged  27*  of  our  worker* 
and  by  *978  only.  22*  found  manufacturing  employment.    Cont'lniiet  Ion  of  this,  trend 
would  ensure  that  manufacturing  wl H  join  agriculture  as  an  Important  element 
of  the  economy  thet  no  longer  serves  as  a  major  source  of  employment.  In 
view  of  the  modern  mobility  bf  technology  and  capital,  let  u*'*x«mlne  the  »' 
probability  of  the  trend  cont I nulng  and  the  cdnsequences  for  an  U»dd»trJaf 
naf^pn.  *         •  ..  *.         'V'v.-'."  "* 

last  year  we  were.ln  Japan  visiting  the  Fujitsu  Fanuc  factory,  where,  fo9.p$:s 
are  busy  building  robots.    Fanuc 'produces  approximately  $1,000,000  worth  v,;^ 
of  product  per  employee  per  year.    Statistics  vary  with  industry,  but  a  well :  ;  V 
■  run  U.S.  factory  In  .reasonable  production  will  usually  turn  out  lass  than 
$100,000  worth  of  product  per  employe*  pe/  year'.    Yet  the  Fanuc  plant  Is 
only  a  prototype  to  prove  feasibility.  .Japan**  National  Unmanned  Factory  . 
project  In  two  year*  Is  scheduled  to  bring  on  line  plants  where  ten  technicians 
will  produce  the  same  amount  of  product  as  a  U.$.\  factory  with  700  employees*  '■ 
a  70  to  I  labor  advantage.  t 

The  future  of  manufacturing  employment  I*  quite  clear,*  Automat  Ion ,  removes  much 
of  the  comparative  advantage  of  cheep  labor,  leaving  competition  to  hinge 
upon  other  national  comparative  advantages  such  an  location,  market  slie, 
transportation,  advanced  design  ^capabl 1 1 ty ,  raw  mater  1*1 s ,  energy,  ete.  Our 
trading  partner*  have  proven  the  potential  of  the  unmanned  factory* 

Manufacturing  employment  will  continue  to  decline  as  machines  specific  to 
each  Industry  are  developed,     the  clothing  Industry  offer*  a  good  example. 
.  Japan,  through  H1TI,  haf1  al located  $66  mlfllon^  over  8  years  for  a  cooperative 
Industry,  labor,  and  government  project  to  develop  the  unmanrte/1  garment 
f.*ctorV    The  government  of  Wden  started  an  $88  million,  five-year  project 
In  '1980,  to  develop  an  automatic  system  for  sewing  trousers.    On  a  more  modest 
scale,  the  U.S.  government  Is  contributing  $1  million  over  a  three-year  period 
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to  (ha  U.S.  effort.    The  same  phenomena  that  we  find  in  ft he  factory 
it  also  occurring  in  tha  modern  office.    Clerical  personnel  end  middle 
management  are  primarily  Involved  In, data  processing  end  routine  decision 
mekjng  t  functions  tjiat  readily  lend  themselves  to* computer  I zet Ion. 

Competitive  pressures  among  the  advanced^net  Ions  guarantee  tnet  the  un* 
manning  of  manufacturing  will  continue.     In  July  of  this  year  (1983)  only 
19  bX  of  our  working  population  wet  in  manufacturing.     During  the  decade 
from  I960  to  1978,  the  manufacturing  employment  percentage  decreesed  et  fn 
everege  rete  of  O.J»7*  per  year.    But  for  the  lest  five  veers  the  rate  Jumped  \ 
to  0.661  per,  year.    Continuation  of  this  rate  of  decline  will  reduce  roenufac- 
turing  to  only  8.3*  of  the  worklnq  populet Ion  bv  the  veer  200n.    The  turn  o'  thej 
century  Is  less  then  1 7  years  hence  end  8.3*  is  less  then  our  present  unemployment 
percentage.   ■  ■ 

The  crises  of  the  next  century  that  * we  should  seek  to  evold  ere  not  the 

Issues  of  unemployment,  displacement  end  training.    These  ere  Important 

but  secopdery  considerations  which  we  will  fece  I f  we  fell  to  recognize  the 

more  fundamental  question,  nemely:    whet  policy  mechenlsms  should  be  put  In  * 

piece  at*thi*s  time  to    Insure  a  manufecturlng     base  adequete  to  maintain  ,out 

future  national  life  quality?    In  an  open  economy  with  Substantial  Import' 

export  activity,  It  is  axiomatic  that  the  long  term  national  standard  of  living 

will  be  heevlly  Influenced  by  the  volume  of  export  trede  end  the  value  added 

by  manufacturing  and  service.      A  continuing  negative  trede  balance  must  ultimately 

result  either  in  a  reduction  in  the  reel  costs  (usually  thet  of  lebor)  to 

stimulate  exports  end/or  a  redaction  In  Imports. 

Over  100  years  ago,  national  Industrie!  poMcy  creeted  a  cooperative  mechanism 
Involving  government,  Industry,  end  education"  thet  established  e  high  level  of  4 
product  ivl  ty  end<efflc  iency  In  the  U.S.*  agribusiness.     It  was  a  wls^pollcy,  for 
greet  natural  resources  combined  with  we  1 1 -educated  farm  professionals  to  give 
the  country  e  substantial  comparative  advantage  In  the^world  agriculture  market*. 
Today,  agriculture  does  not  offer  significant  employment,  bjn  It  does  support, 
our  economy  by  providing  foreign  exchange.    Neerly-flfty  years  after  the  un-  * 
manning  of  eg> tru1 ture ,  the^process  Is  being  repeated  for  generel  Jndustry. 
the  country  will  soon  need  en  enl l£itened  policy  mechenlsm  to  leek  end 
real  lie  those  manufacturing  and  service  pursuits  wtflch  will  provide  ttie  Com* 
peretlvo  trade,  advantage*  reoulred^tp  maintain  our  national  1 1  fe  quel  I  ty« 

a    International  trade       this  Instance  Is  Intended  to  Include  export 
of  services*  such  aj  engineering,  nhnageir^p  t »  financial,  transportation, 
as  well  as  commodities*,     at  \  ^  < 

■  \ 
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THREE  ARMS  OF  DEMOCRATIC  GOVERNMENT  *  TIME  FOR  A%CMOICE 

Reich  Identlfia*  only  two  forms  of  democret  1  c government ,  which  he  cells 
the  business  culti/n  and  the  civic  culture. ^Colng  back  100  yaai*s  to 'the 
1 880'  %    hi  observes: 


Since  the^dose 'of  America's  first  frontlar  tha  nation's 
civic  culture  and  buslnesi  culture  hava  competed  for  k 
Ideoldglcal  dominance,  producing  a  pendulum  like  vacM" 
■  *  I  At  I  on  In  America's  fundamental  loyalties.    With  each 

swFng  of  the  peridulum,  the  country  has  adopted  tha       t  y 
perspective  of  one  culture  at  the  ejMpente  of  the  other."  ( 

The  cause- of  this  oscillation  between  adverserlal  forms  of  government  Is 
easy  to  understand.    Competitive,  fr-ee  enterprise  Is  an  extremely.      "  * 
efficient  mechanism  for  production  of  the  goods*and  services  desired 
by  the  sotlety.    Unfortunetely t  completely  free*enterprlse  by  I  ^s  very  nature 
cannot  address  the  social  Imperatives  also  required  by  society.    General  Motors 
canrtbt  Install  pollution  control  devices  unless  Ford  must  meet  the  same 
standards.    The  excesses,'  real  or  Imaginary*  of  unbridled  free  enterprise 
Inevitably  le*d  to  the  demand  for  a  regulatory  government^   But  while  the 
regulatory  form  of  democratic  government  gives  full  weight  to  the  social 
Imperatives,  competition  Is  Inhibited,  gross  Inefficiency  Is  tolerated  and  the 
society's  ability  to  effectively  provide  Its  needed  goods  and  services  begins  to 


Chalmers  Johnson  Ij^hts  book  "IJ1TI  -and  the'  Japanese  rtfrrfcle,"  documents  the. 
same  phenomena  in  another  democratic  nation  (9).    Over  a  number  of  decades  he 
traces  Japan's  osc 1 1  let  Ion  ^between  the  two  adversarial  societal  extremes  of 
(state-control)  government  regulation  and  (sel f-Cont rol )  business  dominance 
before  reaching  the  logical  and  effective  third  form  of  democratic  government  - 
a  cooperative  society  In  which  each  ie^ment  of  the  socleiy  Is  encouraged  and 
expected  t#  do  what  It  doesUest.       Johnson  contends  that  much. of  Japan's 
high  speed  growth  Is  a  %>nse<{uence  of  a  synthesis  of  the  two  adversarial 
forms  into  a -third,  cooperation.    The  chief  advantage    of  , the  third  to™  of  \ 
governme1U*buslne*s  relationship,  that  of  pub!  lc*prlvete  iteration,  Is  that  It 
leaves  ownershlp^and -management  ' In  private  hands  maintaining  high  levels  of' 
competition*    At  the  same  time,  it  affords  the  state  much  greater  degrees  of 
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social  goa)*tettlng  than  under  self-control   (buslnets-domlnance. ) 
US.  oscillation  during  tne  lest  ltyen  administration*  between  b.u*lness- 
orlanted  (Republican)  and  regulatory  (Democratic)  governments  would  Indicate  • 
\  that,  the  publ jc  It  seeking  an  alternative  to  our  Increasingly  polarlied 
and  adversarial  form*  of  government. 

ReUh  subscribes  In  the  lame  considerations  when  he  writes- 

Adaptation  mutt  Involve  both  the  business  and 
.  Civic  cultures.11 

,    Johnson  and  Reich  have  used  different  terms  (civic  and  state  control  vs. 
business  and  self  control)  to  Identify  the  two  adversarial  forms  of 
democratic  government.     Rational  self  Interest  must'  soon  seek  the  third 
form  of  democratic,  public-private  cooperation.     The  Johnson  and  Reich 
j        .books  agree  thai  our  present   Institutional  structure  Is  flawed  -  lacking 
^        the  mechanisms  to  facilitate  cooperative  publ U-prlvate  policies.     These  are 
the  beslc  objectives  guiding  Our  proposal  for  the  creation  of  a  mechanism  to 
facilitate  rational  consistent  policy  In  the  national  Interest, 

roUNOATIOK  VS,  DEPARTMENT 

There  are  no  structural  reesont  why  the  policy  fee  1 1 1  tat  I ng  propose  I  could 
not  be  Implemented  Within  ,an  existing  government  agency  Such  as  the  Department 
of  Commerce.     However,  in  the  u\     ,  with  the  present  adversarial  relationships 
among  the  public  and  private  sectors,  we  could  not  find  experienced  Washington 
hands  who  believed  .that  the  necessary  cooperative  mode  and  mutual  confidence, 
co^td  be  developed  In  #n  existing  government,  agency  In  time  to  deal  with  the 
pressing  national  problems  of  the  1980's.* 

On  the  other  hand,  the  National  Foundations  such  as*the  H%f ,  have  been 
traditionally  staffed  and  directed  by  their  affected  and  c6ncerned  communities, 
U.S.  FogndetlonS,  while  funded  by  the  government,  are  perceived  by  the  public 
as  operating  In  the  publ lc  Interest  without  busrhcs*  or  political  domlnetlon, 

*We  note  that  Japan  has  adopted  for  Industry  the  cooperative,  AOoperat looal  '  ' 
mode  that  for  100  years  hot  made  the  u\S.  Agr  (bus  Ines-s  the  most  efficient 
In  the  world,  * 
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An,lnStltut Ion  dedicated  to  facilitating  cooper at I ve  Net (una I  Policy 
could  not  j>e  successful  unless  It  anjoyad  public  confidence  art*  acceptance 
comparably  to  th|i  aarnad  by  our  present  Foundations, 

WHAT'S  IN  A  NAME? 

Tha  environment*  .  health,  educate,  physical,  Quslntss,  political  (  civil, 
•  ate  -  which  collactlvaly  define  our  society's  quality  of  1 1  fa  are  created 
by  tha  resource  al locat Ion,  technology  deployment  and  environmental  decision* 
mada  largely  by-man  and  woman  operating  In  a  publ Ic ) y  recogn lied  professions 
capacity.     Consequent ly ,  the  qualit>  of  national  life  and  the  health  of 
lt<  Industry  l»  a  direct  function  of  the  performance  of  the  nation's  public 
profession*  and  their  use  of  technology.  t 

,  In  thl*  content  "The  National  Pyofe**lon*  and  Technology  foundation"  becomes 
an  appropriate  title  for  an  Institution  dedicated  to  Facilitating  national 
policial  for  the  Improvement  of  the  envl ronmental ,  economic  and  societal 
well-being  of  the  nation.  * 

CONCLUSIONS 

j 

legislation  has  been  presented  that  l\  designed  to  ccyrect  what  is  undoubtedly  • 
jthe  most  critical  deficiency  In  America's  Infrastructure:  the  lack  of  a 
m#  then  Ism  for  facilitating  the  development  of  sound  and  con*l*te/t  policies 
pertaining  to  our  national  welfare.    Much  of  our  present  problem  ft ami  «, 
from  th«  fact  that  there  Is  no  coordinating  point  to  syntheslit  various  * 
,   national  interests  In  the  policy  facilitating  process.    Too  mlny^product I ve 
segment's \f  our  society  have  btfen  subjatt  to  grave  disadvantages  as  a  result 
u>f  thl*  lack  of  unltyln  policy. 

Ai.^.  rVavant  example- of  .this  sarlgui  Void,  America's  builness  community  has 
^Mw  urtfavorably  affected  In  the  realm  of  natfonal  and  International  trade 
■  tctfvlty.         the  National  Business  content,  not  only  Is  there  a  lack  of 
'  Co^W^n^ 'rational  public"  policies  aimed  at  supporting  the  role  of  business  as 
•^  ctf^r^Jonj  of  our  economV  but  Over  tha  years,  an  adversarial  relationship 
^  rvblva^jtwaen  business  and  government.    Business  Institutions  o^ratlng 
/'W^U  environment  have  been  subject  to  excessive  and  cffstly  regulations, 
•  i   M;,-^e^  o 

At  '  v;'.  ■  • 
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unrealistic  tax  burdens  and  the  lack  of  Incentive  for  capital  expansion 
or  RlD.  j 

In  the  International  environment,  itmller  I nequ 1 1 1 e t  exist.  Multinational 
companies  must  contend  with  •  number  of  hostile  governmental  systems  In 
the  form  of  heavily  biased  trade  policies  of  foreign  sovereignties.  This 
results  In  American  based  multinationals  being  placed  at  a  competitive 
disadvantage  In  significant  foreign  markets.     These  trade  policies  ere 
non- red procet  iqg  end  as  a  result ,  do  not  consequentially  affect  the  ability 
of  fore  1 gn-based  companies  from  enjoying  unencumbered  access  to  U.S.  market) 
with  direct   Impact  upon  our  balance  of  payments,     Other  segments  of  our 
society  are  also  affected  by  the  lack  of  a  staging  area  which  can  assimilate 
relevanl  data  to  help  support  the  foundation  of  constructive  national  policies. 
These  would  Include  the  professions,  education,  agriculture,  labor,  environ* 
Cental  and  social  group!  and  government. 

In  response  to  the  absence  of  a  unified  voice,  shaped  by  the  many  concerns, 
problems,  ambitions  and  other  Inputs  from  elements  of  consequential  Importance 
to  our  society,   legislation  Is  now  being  Introduced  to  establish  an  Independent 
National  Policy  Pad  1 1  tat Ing  .Foundat Ion  wj thin  the  executive  branch  of 
government, 

The  Foundation's  charter  would  be  to  coordinate  and  align  the  efforts  of 
I 

the  various  social  and  Industry  groups,  labor,  government >  professions  and 
•atarfemla  for  the  purpose  of  resolving  an  array  of  pressing  national  policy 
Issues  with  broad  societal  Implications  Including  "Industrial  policy. " 

It  seems  reasonable  to  exptct  that  only  a  legislative  mandate  can  bring  | 
about   the.  successful  formation  of  a  responsible  agency  for  synthesizing 
national   interests  In  policy  development.     There  are  too  many  conflicting  forces 
In  Amir  lean  society  to  mediate  policy  among  themselves  and  create  the  rS^ulred 
consensus . 

The  f Allure  to  art   In  a  positive  manner  to  create  a  national  policy 
facilitating  mechanism  such  as  the  proposed  foundation  wilt  continue  to 
forestall  any  progress  In  coming  to  terms  with  present  adversarial  roltft  of 
government  ,  business  and  othor  productive  Sectors  of  fjfir  Society.  ) 

\ 
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EXBCUT1VB  SUMMARY 

A  NATIONAL  POLIO  FACILITATING  FOUNDATION" 

TO  BE  ENTITLED 

THE  NATIONAL  PROFESSIONS  AND  TECHNOLOGY  FOUNDATION 


PURPOSE 

To  provide  a  nationally  acceptable  me  Chen  I »m  capable  of  anticipating 
National  probjtmi  and  opportunities  and  developing  cooperative  public 
private  efforts  among  Industry,  government,  labor,  academlp  and  the 
profession*  to  create t  and  f ac 1 1 1 1 ate  1 consl stent  national  policies  in 
th»  national  Interest'  necessary  to  the  Improvement  of  the  economic, 
any  i  ronmentel-  and  societal  well  being  of  the.  Unl  ted  "States . 

FUNCTIONS  t 

% 

I.     Colltction,  organization  and  dissemination  of  a  comprehensive 
International  and  national  data  base  for  policy  making; 

7.     Analysis  and  assessment  of  national  life  quality  and  Industrial 
policy  alternatives  with  attention  to  future  problems  endoOppor- 
tunlt Itesj 

3,    Public  ffvlew  and  national  policy  consensus  generation;  and 

k.     Implementat Ion  and  facilitation  of  policy  legislation  that  Congress  - 
^    drams  cannot  be  satisfied  by  fisting  agencies. 

STRUCTURE  •  jj  ' 

1.     Deta  Base  for  Policy  Making  f 

0    THE  NATIONAL  TECHNICAL  INFORMATION  SERVICE  AND  THE  PATENT  AND 
TRADEMARK  OFFICE: 

Shalt  have  th/  rtiponslbl 1 1 ty  to  develop  In  cooperation  with  other 
public  and  private  agencies  a  comprehensive  and  coherent  National 
Information  and  Statistics  Policy.  ,  This  po  I  \^jy¥fou  \  d  be  directed 
'  to  the  measures  of  the  basic  factors  I nffTfffrtcing  the  national  life 

v  quality,   including  a  continuous  assessment  of  U.S.  and  foreign 

technology',  Industrial  policy  and  strategy,  professions  delivery 

) systems  and  design  with  promotion  of  greater  accessibility  and 
utilization  by  smalt  and  large  business,  government,  labor,  academla 
and  the  professions.    With  the  Office  of  Policy,  Analysis  and  Assess* 
ment  4nd  ottar .publ  lc  and  private  agencies  a  sectorial  Information 
gathering  and  research  capability  shall  be  provided  to  assess  and 
evaluate  Industrial  developments  In  the  U.S.,  Industry-specific 
economic  developments  and  the  Industrial  policies  of  our  major 
trading  partners  to  project  their  potential  effect  on  U.S.  Industries 
trfld*  and  employment. 


*• 
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2.    'Assessment  and  Analysis  of  National  tlft^Qualtty  and  Industrial 
Pol  Icy  Alternat (vet  . 

o  orr ice     policy^  analysis  ano  assessment 

The  Dff  ice  would  develop  societal   Indicators  o'  the  national  life 
quality  along  w  th  measures  of  the  haalth  of  technology.     The  effect 
nf  U.S.  and  foreign  government,   Industrial,  technological  and  trade 
pol i  c lev  upon  the  nat lonal  1 1  fa  qua) 1 1  y  woul d  be  studied.     The  I  Ike  I  y 
future  impact  on  America's  producers  and  workers  would  be  evaluated. 


Emerging  national  problems  would  be  Identified  and  analyzed.  For 
those  areas  where  a  formal  policy  mechanism  does  not  exist  or  pre* 
sent  policies  are  Inadequate,  the  Office  shall  propose,  assess  end 
evaluate  national  policies  In  the  Interest  of  national  welfare,  the 
~  stable  development  of  the  economy  and  the  national   life  quality.    In  . 

essence,  the  business  of  the  Office  shell  be  a  continuous  monitoring 
of  the  quality  of  the  nation's  life,  I  dent  i  fleet  Ion  of  pending  needs 
or  unresolved  problems  that  would  Influence1  the^nat  lonal  welfare  and 
formulat i<vi  of  policies  to  best  resolve  these  Issues  and  meet  the 
nat Ion1 s  needs . 

eaf 

3     Public  Policy  Review  and  Consensus  Generation  ™ 

«  coombs  / 

Independent  advlstory  Cojun'clls'to  the  Directors  and  Foundation  Offices 
shall  be  appointed  to  cefver  the  full  range  of  Foundation  responsibilities 
and  to  ensure  that  public  opinion  Involving  a  wide  section  of  the  public  * 
has  been  taken  into  account  In  the  policy  process.     The  Councils  In 
response  to  requests'  from  the  President.  Congress,  OlrettOrl  or  on 
questions  raised  on  their  own  Initiative  shall  Investigate  and  deliberate 
on  the  directions  of  the  long  term  and  basic  policies  addressed  by  thf 
foundat Ion 

The  Councils  shall  serve  as*  del  Iberat  I  ve  Public  national  pollfcy  forums, 
Council  membership  shall  be  drawn  from  outs l»de  the  Foundation  And  #. 
composed  of  experts  In  the  matters  deliberated  upon,  leaders  In  con- 
cerned Industry,  labor,  general  consumers  and  experts  from  a  wide  spec- 
trum of  society  Including  education,  ma*S  media,  finance,  government  and 
the  professions.  \ 

k.     Implementation  and  Facilitation 

o    OFFICE  OF  NATI0NA1  PROGRAMS 


Is  office  wfiutd  serve  to  Implement  where  appropriate  the  epplledt 
se.irth  and  development   required  to  real  I /e  the  policies  for  those 


Thh 
rrne.i 

.ireas  of  national  concern  noi  adequately  supported  by  other  agencies. 
Cooperative  industry,  labor  I  un  I  vers  I  ty".  profession*  and  government 
programs  would  be  entourage!  and  facilitated.    Attention  woujd  be  given 
to  removing  the  barriers  that  prevent  the  early  emergence  of  Industry 
for  th*  future  or  the  orderly  retirement    or  renovation  of  declining 
Industries.     O.islc  tethmHogles  common  to  all  or  many  industries  would 
be  .iddrrssed.     Foundation  technological  participation  would  be  limited 
to  rrsr.m.h  and  development  In  areas  of^ubstant  lal  national  Interest 
where  sufficient  development  cannot  be  i>pet,ted  from  pflvate  fnterprlse 
alone  due  to  high  risk  or  long  lead  times.    0eyon6  the  R6-0  program*, 
u»Mwrn;lall/atlon  and  diffusion  of  new  technology  Should  be  handled 
by  the  private  sectori  t  * 


,1 
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o    OFFICE  OF  INSTITUTloTiAL  AND  HUMAN  RESOURCE  DEVELOPMENT 

•The  Office  shall  collect  end  analyze  information  on  professional 
me  techno  log i ee t  requirement*  to  provide  quantltetlve  projections 
of  h^man  resource  needs.     Training  proorems,  retraining  programs, 
new  curricula  and  educational  Institutions  to  meet  these  needs 
shall  be  implemented  including  encouragement  and  assistance  for 


T 

minorities  and  women  to  erfler  the  professions, 

The  Centers  for  Industrial  Technology  euthorlzed  by  Public  Law  96- ^0 
shall  be  made  a  component  of  the  Office  with  responsibility  to  Join 
the  professions,   industry,  and  the  university  in  cooperative  activities 
including  generic  reseerch  of  use  to  many  industries  and  the  training 
of   individuals  In  professions  end  technology  innovation.  Cooperative 
government,   industry,   labor,  university  and  professions  efforts  in  * 
*      the  matter  of  government  mandated  health  ,  safety  end  environmental 
regulation  would  be  Important  activities  of  the  Canters. 

o    OFFICE  OF  SMALL  BUSINESS 

This  office  shall  materially  Improve  the  resources  and  capabilities  of 
U.S.  sma'l  business  enterprise  Including  upgrading  production  technology 
by  grants  and  incentives  for  cooperative  Industry  wide  R6D,  promotion 
of  computerization,  edvenc  1  ng  ,and  modernizing  production  capability 
and  facilities  by  training  technical,  professional,  enterpreneur lal  and 
managerial  personnel  and  by  linking  small  business  with  venture  capital. 

A  major  undertaking  shell  be  the  creation  of  the  professions  and  techno* 
logy  counterpart  of  the  U.S.  agriculture  system  to  provide  ready  access 
by  individual  companies  and  Industry  to  advice,  support  aTVid  expert  con- 
sultation upon  (but  not  limited  to)  the  latest  manufacturing  processes, 
management  systems,  quality  assurance  methods,  production  techniques, 
personnel  procedures,  computer  applications,  financial  controls  and 
extension  services.     These  programs  would  be  In  cooperation  with  the 
Centers  for*  Industrial  Technology.    Other  functions  would  be  to  foster 
communications  between  technological  and  scientific*  agencies  of  the 
Federal  government  end  the  small  business  community,  assist  high-techno- 
logy small  businesses  In  deal  log  with  the  Federal  'government  and  recom- 
mend policies  enabling  the  natlon^to  benefit  more  from  high  technology 
smel 1  bus Iness . 

o    OFFICE  OF  THE  PROFESSIONS 

This  office  would  support  by  extramural  grants  and  contracts  fundamental 
research  In  the  engineering  disciplines  and  nationally  needed  applied 
research  In  aH  professions  not  adequately  Supported  from  other  sources. 

Mechanisms  shall  fee  Investigated  to  facilitate  the  Implementation  of 
cooperative  pub  I  (9  and  private  undertakings  In  the  national  Interest  to 
replace  the  present,  adversarial  relationship.    Techniques  and  means  for 
applying  risk  analysis  and  decision  theory  to  Federal  Agency  regulation 
format  Inn  and  resource  allocation  shall  be  studied  and  Implemented  where 
feasible. 

i 


COSTS 
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OFFICE  OF  INTERGOVERNMENTAL  TECHNOLOGY  AND  PROFESSIONS  DELIVERY 
SYSTEMS  • 

State  and  local  governments  exist  almost  exclusively  for  the  delivery 
of  "tfrVvlces  offered  by  th«  public  professions.    The  Office  wou]£ 
facilitate  the  Integration  of  the  latest  prof-ess  Ions,  de  II  very  systems 
and  technological  resources  Into  the  policy  formulation, 
delivery  systems  management  and  program  operation  of  state  and  local 
governments.    Cooperation  would  be  supported  end  fee  1 1 1 teted  between 
government  (state  er\d  local)  and  the  university  to  make  the  resources 
of  the  university's  professional  schools  available  to  legislators  for 
the  regular  assessment  and  evaluation  of  policy  questions,  programs 
and  Issues  on  a  mu 1 1 i -p rof ess  I  one  I  basis. 

THE  NATIONAL  BUREAU  OF  STANDARDS 

In  addlt lon.to  the  Bureau's  present  duties  and  where  appropriate, 
mechanisms  shall  be  developed  to  foster  public-private  partnerships 
Involving  the  Bureau  and  the  netlon%1  laboratories  In  the  applied 
R&D  often  required  for  Implementation  of  specific  industrial  policies 
in  the  national  interest. 


\ 


Although  the  Foundation  will  have  a  large  budget,  very  little  new  money  will 
be  required  as  the  agencies  transferred  to  the  Foundation  will  bring  their 
current  operating  budgets  with  them.    For  example,  the  Bureau  of  Standards 
has  a  198)  budget  of  $100, 000. 

Examining  the  four  functions  of  the  Foundation,  modest  amounts  of  additional 
funding  will  be  required  for  the  Councils  and  for  Policy,  Analysis  and 
Assessment.  These  costs  will  be  more  than  offset  by  the  efficiencies  to  be 
realized  by  rationalizing  the  nation's.  Information  and  data  processing  systems 
along  with  the  government- Indus  try  savings  that  will  accrue  from  cooperative 
policy  facilitating  R&D  'vTntures. 


FOUNDATION  TITLE  *  ✓ 

\ 

The  environments  -  heelth,  educat  lont>  physl  eel ,  business,  political,  civil, 
etc.  *  which  collectively  define  our  society's  quality  of  life  are  creeted  by 
the  resource  allocation,  technology  deployment  and  envl ronmentel  decisions 
made  largely  t>y  men  and  woman  operating  In  a  publicly  recognized  professions 
capacity.    Consequently,  the  quality  of  natlonel  life  end»the  heel tA  of  Its 
Industry  Is  e  direct  function  of  the  performance  of  the  nation's  public  pro- 
fessions and  their  use  of  technology* 

In  this  context  "The  Net  tonal  Profession^  and  Technology  Foundation"  becomes 
an  Appropriate  title  for  an  Institution  dedicated  to  facilitating  national 
policies  for  the  Improvement  of  the  envl rtymente I ,  economic  and  Societal  well* 
being  pf  the  net  ton. 


DEPARTMENT  VS.  FOUNDATION  „ 

Thert  irt  no  structural  reasons  why  the  proposal  could  not  be  Implemented  x 

within  en  egiUtlng  government  department  Such  as  the  Department  bf  Comnjerce.      ,  \ 

However,  In  the  U.S.  with  the  present  adversarial   relationship  among  the' 

Public  end  prlvatr  sectors,   It  doe*,  not  seem  practical  to  expect  that  the 

necessary  cooperative  mode  and  mutual  confidence  can  be  developed  In  an 

existing*  government  agency  in  time  to  deal  with  the  pressing  national  problems 

of  the  1980*s.  \  , 

On  the  other  h***t,  the  National  Foundations  Such  as  the  NSF  have  been 

traditionally  Uaffed  and"  fcd  I  rected  by  their  affected  and  Concerned  communities,     •  ./ 

U.S.   Foundations,  while  funded  by  the  government,  are  perceived  by  the  public  * 

Is  operating  in  the  public  interest  wl  thout"  government  or  political  (jomlnatiori. 

An  Institution  dedicated  to  facilitating  cooperative  National  Pol  Icy' cannot 

be  successful  .unless  it  enjoys  public  confidence  and  acceptance  comparable" 

to  that  earned  by  our  present  foundations. 
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WHAT  IS  NOT  PROPOSED 

o      CENTRAL  PLANNING  IN  ANY  FORM  OR  UNOER  ANY  GUISE  IS  NOT  C0NSI0ERE0  PRACTICAL* 
t  OR  DE  5 IREABL  E  FOft  OUR  SOCIETY. 

r  I 

We  do  not  hold  that  central  planning  Is   Illegal,  unconstitutional  or 
even  mildly  Immoral.     The  facts  dictate  that  large  scale  national  plans 
take  so  long  to  create  and  put   in  place  that   the  dynamics  of  a  modern 
industrial  society  render  such  plans  obsolete  before  they  can  be  implemented. 
■  f  Therefore,  central  national  planning  Is  simply  /not  useful. 

On  the  other*  hand,  there  Is  mounting  evidence  t,hat  properly  supported 
national  po I  1 cy  f ac M I  tat i ng  mechanisms  can  achieve  the  opposite  of  central 
H      planning.     The  goal   is  to  ensure  that  every  segment  Qf  Society  not  only 

contributes  to  national  pol Icy formulat Ion  but   that  the  planning  and  Imple- 
mentation responsibilities  which  naturally  flow  from  consistent,  rational 
national  policy  will  be  executed  by  the  best  qualified  Sectors  of  the 
society  Itself,    With  adequate  visibility  each  Individual  antl  each  business 
will  perceive  and  Implement  plan*  consistent  with  national  policy. 

o      NONE  OF  THE  POWERS  ANO  RESPONSIBILITIES  OF  THE  LEGISLATIVE  OR  EXECUTIVE 
BRANCHES  OF  THE  GOVERNMENT  ARE  TO  BE  USURPED  OR  ASSUMED-  BY  THE  NEW 
ORGANIZATION 


The  Institution  shall  have  no  legislative  or  funding  authority.  Major 
responsibilities  shall  be  the  assessing  of  existing  and  emerging  national 
nppds,  evaluating  policy  alternatives  end  presenting  the  results  to  the 
President,  Congress  and  Public  for  the  usual  review,  modification  and 
funding,  when  found  worthy.     Subsequent  program  Implementation  shall  be  the 
responsibility  of  appropriate  agencies  designated  by  the  Congress. 
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j      REFERENCE  I  *       .    •  /  * 

98th  CONGRESS  fjf     f}  JAjy 

I  ■ 

To  advknte  the  national  prosperity,  quality  of  life,  and  welfare,  to  establish  a 
National  Professions  and  Terfoiolpgr  Foundation,  and  for  other  purposes, 

 .  -   • 

*  .  *  ■ 

IN  THE  HOUSE  OF  REPRESENTATIVES 

October  28,  1988  * 
Mr.  Bbown  of  California  (for  himself,  Mr,  Walobbn,  Mr,  Lunmne,-  Mr,  Dy- 
maixt,  Mr.  Udam,,  Mr.  Waxmak,  Mr.  Epoar,  Mrs,  Schroedeh,  Mr, 
Ha\vkin|  Mr.  Beilenbon,  Mr.  Behman,  Mr,  Tohheb,  ajid  Mr,  £evinb  of 
California)  Introduced  the  following  bill;  which  was  referred  jointly  to  the 
Committees.vn  Science  and  technology  and  the  Judiciary  \ 

.  —  \ 

..  A  BILL      .  \ 

To  hdyance  the  national  prosperity,  quality  of  life,  and  welfare, 
to  establish  a  National  Professions  and  Technology  Founda- 
tion, and  for  other  purposes. 

1  Be  it  enacted  by  the  Senate  and  Home  of  Representa- 

2  lives  pf  the  United  Staterof  America  in  Congress  assembled, 
'8  8HORT  TITLE 

4  Section  1.  This  Act  may  be  cited  as  the  "National 

5  Professions  and  Technology  Foundation  Act  of  1988". 

6  FINDINGS 

7  ^     Sec.  2.  The  Congress  finds  and  declares  that— 

8  (a)  Societal  Roi.es.— Adversarial  vs  Cooperative— 


852  ' 

•      *  * 

2 

(1)  Ours  is  a  hybrid  society,  part  free  enterprise, 
part  government  controlled,  with  an  increasing  .need 
for  a  cooperative  partnership  of  government,  husiness,  * 
university,  labor  *nj|^the  professions  in  the  public 

„  interest  with  each  sector  making  its  apprdpriate 

■  ■*  *  *  * 

contribution.  "!  .^>S<>*  .    •  • 

%+  * 

(2)  Confusion*  oHhe  roies°of  government,  the*pri- 
Vate  sector,  univeriity,  labor  ^nd  the  phofestfons  has- 

'contributed  to  the  creation  of  an  adversarial  society, 
often  with  undercooperation  and  excessive  ceplation. 

(3)  Other  developed  natiojis  generally  have  close; 
government,  industrjr,  education  and  professions  'coop-' 
eration  than  does  the  United  States,  particularly  in  the 
foreign  trctfe  arena.  With  the  increasingly  global  trade 
patterns  that  accompany  world  development  and  the  • 
penetration  4>t  United  States  markets  by  foreign  com- 
petitors, the  United  States  wil\  have  to  provide  for  \ 
closer  government,  industry,  Idbor,  education,  and^o* 
fessions  cooperation  in  orderto  compete  successfully. 

(4)  To  ensure  a  healthy  national  society  and  econ- 
omy there  is  a  need  to  forge  closer  links  arpong  sectors  % 
of  society  in  the  arena  of  technology  and  the  pvokni 
sions,  improved  links  among  government,  industry,  * 
labor,  flcadcmia  anc^the  professions  Vo  essential* Many 
ncVtr  discjvcrics.and  advances  in  theory  aud  practice 
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■  ■* 


'A 


.     1  .     ocoui1  io  universities  and  government  laboratories 

.■*i':v4  whOe  dissemination  and  utilization  of  these  fidvances 

'<%  ■ •  (  v  • 

V;^:- .  \  /    tor  commercial  and  useful,  public  purposes  depends 

%  largely  upop  actions  by  business,  labor  and  other  parts 

5  of  government. 

*  0  A         (5)  Adversarial  sOT^Hies,  with  government,  indus- 

7  try,  labor,  education  and  the  professions  each  trying  to 

8  maximize  individual  returns  instead  of  the  total  quality 

9  of  life  hive  proven  to^be  less  effective  than  societies 
10  which  encourtge,  a  cooperative  pj&rtnersjiip  of  these 
11,  ,  basic  elements.  Strong; inWjstries  in  the  tJnited  States 
1\  such  as  agriculture,  corriputefs,  aircraft,  semiconduc-  . 
18  tors^haveA^fitted  from  a^ealthy  partnership  df  gov- 
14v  .  eminent,-  industry,  education,  and  the  professions.  De* 
a&;,v  '  ;■  .eljnkjjf ^ri^ui(tjriej!;^  Ute  other  hand— Automobile,  steel, 

18  cohsumer  electronics— are  largely  characterised  by  a 
17  long  standing  adversariarrelationship.  ^ 
18*  (6)  The  jfejfcpfl^c  of  both  the  National  Science 

19  *  Foundation,^mch  is  managed,by  Jhe  country's  science 

20  community,  and  the  agriculture  extension  system  that 

21  '  idraws  upon  education  and  th6i»farm  industry,  demon- 

22  '  strato'that  jjooperativ^  mechanisms,  can  be  created  in  < 
28  the  national  interest  which  will  not  be  dominated  by 

24  the  Federal  Goverrtiient  or  exveUe  excessive  govern- 

25  mcnt  coutrol.  In- Arose  areas,  government  provides  in* 
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1 

centives  and  long- term  support  while  policy,  direotion, 

-  2 

and  operation  comes  from  the  society,  Japan's  MITC 

8 

and  the  United  States  agriculture  Bystem  are  models  of 

4 

cooperative  action  in  the  national  interest  without  gov- 

• 5 

ernment  domination, 

6 

(b)  Analysis  and  Assessment.— 

7 

(1)  There  is  a  hoed  to  arrange  for  objective 

,  8 

tradeoff  analyses  to  balance  out  public  benefits  versus 

9  . 

risks  in  our  policy  selection  process.  United  States, 

10 

public  institutions  are  not  properly  organized  to  weigh 

11 

our  modern  technological  society's  options,  compare 

12 

the  benefits  and  disbenefits  and  then  execute  timely 

18 

balanced  national  policies.  * 

14 

(^)  There  presently  are  rto /adequate  m^ans  to 

16 

measure  the  quality  of  life  in  the  Nation  or  to  predict  ' 

,  18 

the  impact  upon  the  Nation  of  new  developments  in 

17 

education,  medicine,  science,  business,  lawtechnoloirv, 

18, 

social  institutions,  and  other  areas.  ( 

\ 

10 

(c)  Policy  and  Change. — 

20 

it 

(1^8  a  nation  we  need  a  highly  visible,  public 

21 

> 

f*  uvv9°  +v  luniiuimc,  evaluate  ana  institute  national 

22 

policy  alternatives,  In  turn,  means  are  required  to 

"  28 
St* 

more  effectively  change  our  institutions  so  they  iha/^ 
better  servo  national  policies  and  anticipate  now 

26 

demands.  , 
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(2)  There  is  a  maturing  need  to  propose,  debate 
and  refine  national  policies  to  serve  the  public  welfare 
for  interdependent  areas  §t  common  interest  such  as  in* 
ternationa)  trade,  industrial  policy,  technology,  the 
economy,  savings,  R&D,  technological  and  professional 
innovation,  productivity,  human  resources,  institutional 
development,  etc. 

(8)  With  increasing  frequency,  national  leaders 
point  to  our  lack  of  national  policies  and  the  absence  of 
a  mechanism  to  anticipa^  the  national  policies  and  pri- 
orities needed  to  prevent  the  country  from  staggering 
from  one  crisis  to  another.  # 

(4)  Although  there  <^es  not  now  exist  in  the 
United  States  a  nationally  accepted  mechanism  for  as- 
sessing long  term  national  ircecfc  and  proposing  and 
equating  comprchensivef,  integrated  sets  of  policies  in 
the  national  interest,  other  leading  modern  nations 
have  successfully  developed  policy  proposing  institu- 
tions.  Japan's  Ministry  of  International  Trade  and  In- 
dustry (MITI)  is  ah  outstanding  example. 

(5)  Successful  national  policy  implementation  re- 
quires an.  integrated,  mutually  supporting  set  of  poli-« 
cio8.  As  an  example  Japan's  national  trade  and  indus- 
try  policy  has  required  tho  development  of  a  national 
doiign  policy  and  a  Rational  financial  policy.  The 
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design  policy  has  been  supported  by  a  national  infor- 
mation policy  and  a  national  educational  policy.  (Japan 
produces  twice  as  many  engineers  as  the  United 
States.)  The  national  financial  policy  allows  Japanese 
industry  to  borrow  at  a  9.8  percent  interest  rate  versus 
the  current  United  States  average  of  17,8  percent.  The 
financial  policy  is  buttressed  by  a  national  saving 
policy  which  gives  tax  incentives  that  cause  the  'Japa- 
nese to  save  20  percent  of  their  disposable  infcome 
compared  to  the  6.5  percent  for  the  United  States.  , 

* 

(0)  Success  in  international  trade  competition  is 
more  dependent  upon  national  economic,  financial, 

/saving,  education,  and  information  policies  than  upon 
technical  innovation.  The  latest  production  equipment, 
production  methods  and  scientific  knowledge  can  be 
imported  at  small  cost. 

(7)  Goverment  policies  in  area  such  as  antitrust, 
economics,  informattort  gathering  and  distribution, 
labor,  trade,  patents,  procurement,  regulation,  resoarch 
and  development,  small  businesses,  and  taxes  have  sigV 
nificant  impact  upon  the  national  life  quality  including 
'  profesiional  innovation  and  development  of  technology, 
but  there  is  insufficient  knowledgo  of  their  effects  upon 
tho  Nation.  '  ♦ 
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7  * 
(8)  No  significant  guidance  is  presently  being 
given  to  the  manner  in  which  the  public  professions 
affect  the  quality  of  life  in  the  Nation  and  tfiere  are  no 
major  programs  or  policies  designed  to  involve  ^the 
public  profession?  in*a  coordinated  effort  to  resolve  the 
national  problems  or  to  enable  the  public  professions  to 
more  effectively  discharge  their  societal  responsibilities. 

(d)  HUMAN  RE80UBCE8,-*- 

(1)  Thjf  Nation  has  not  given  adequate  attention 
to  its  long  term  requirements  for  professional,  scientific 
and  technical  porsorftiel, 

(2)  The  United  States  hap  no  comprehensive 
policy  or  commitment  to  nsure  adequate  supplies  of 
properly  cduci\led  professionals,  scientists,  and  techni- 
cians for  emerging  fields  important  for  the  national 
welfare. 

(S)  Underutilization  of  women  and  minorities  in 
the  Nation's  professions  represent  a  significant  loss  of 
intellectual  resources  that  is  not  in  the  national 
interest. 

(e)  Institutional  Needs.— 

(1)  Emerging  national  problems  frequently  receive 
inadequate  attention  In  the  executive  brpnch  .of  the 
Federal  Government  because  existing  agencies  have 
existing  missions  and  little  incentive  to  extend  them- 

1  •      -  :' 
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1  selves  beyond  those  missions.  An  agency  charge*}  with 

2  identifying  emerging  national  problems,  stifeying  them, 

$  and  developing  programs  to  address  them  is,  needed,  „ 

4  (2)  It  has  proven  impractical  for  the  National  8ci- 

5  ence  Foundation  with  its  responsibility  for  basic 

6  search  to  also  effectively  discharge  the  national  prob-  ^   v  x.  ; 

7  lem  solving,  resource  allocation,  and  quality  of  lif^f  re- 

8  sponsibilitieB  of  the  public  professions.  / 

9  (0  tHE  PBOFE8SION8.— 

10  k  (1)  The  problems  of  the  Nation  are  characterized 

11  by  their  demand  for  multiprofessional  solutions. 

12  (2)  It  is  in  the  nature  of  societal  advancement, 
18  i.e.,  improvement  of  the  many  environments  that  pro- 

14  vide  the  national  life  quality,  that  most  fields  of  en- 

15  deavor  require  assembling  interdisciplinary~multiprofes> 
1.0  sional  talents,*  involving  a  combination  of  knowledge 

17  and  experience  in  various  fields,  A  systems  solution  of  ■ 

18  ^  problem  or  need  will  win  out  over  segmental  attacks,  * 
10  (3)  The  public  professions,  acting  in  a  coordinated 

20'  manner,  can  make  important  contributions  to  the  solu- 

21  tion  of  national  problems. 

22  (4)  The  collective  expertise  of  the  public  profos* 
29  sions  is  capable  of  providing  methods  for  measuring, 

24  projecting  and  improving  the  quality  of  life  itf  the 

25  Nation. 

362  : 
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1  (g)  TbChnolo(^An»Tbai)b  ' 

2  ♦  (1)  The  international  balance  of  trade  has  been 
8  unfavorable  to  the  United  State*  for  several  years,  in- 
4  eluding  unfavorable  balances  in  some  industries  heavily 
0  dependenAipon  technology. 

6  ,  (2V  High-technology  industries  ha/e  been  fesponsi- 

7  ble  for  the  creation  of  a  higher  share  of  new  jobs  than 

8  lpw*technology  industries,  and  the  development  of  new 

9  technologies  pronpses  fuller  national  employment 

10  -  (8)  The  development  of  a  new  technology  either 

11  offers  new  goods  or  services  for  the  national  welfare  or 

12  4  provides  existing  goods  and  service*  at  lower  costs, 
18  Thus,  new  technologies  are  generally  counterinflation- 
14  ary,  improve  the  national  balance  of  trade,  and  support 
.15  the  United  States  dollar  in  international  monetary 

16  „  exchange. 

17  (h)  Small.  Business.— The  potential  of  small  business 

18  for  technological  innovation  and  the  creation  of  new1  jobs  is 

19  groat  but  has  been  inadequately  realized,  largely  through  the 

20  inattention  of  government. 

21  (i)  Information  Resources*— Half  or  more  of  the 

22  good  ideas  in  technology,  the  professions  and  science  will 

23  originate  outside  the  United  States.  Odf1  ability  to  utilize 

24  these  ideas  to  our  advantage  will  depends  to  a  grcat#x|cnt  on 
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1  our  alertness  and  ability  to  bring  in,  adapt  to  our  needs,  and 

2  disseminate  the  advances  that  start  outside  our  boundaries. 
8  (j)  Pboductivity,  Innovation  and  the  Futube,— 

4  (1)  The  productivity  and  rate  of  innovation  of 

5  '  many  national  industries  are  lagging  compared  with 

6  >  historical  pattern  and  with  the  performance  of  the 

7  salne  Industries  in  other  nations,  and  are  not  sufficient' 

8  to  provide  for  a  healthy  economy, 

9  *  (?)  Our  institutions  and  industry  fctce  a  'future  of 
10  rapid  change  and  increasing  complexity,  with  success 
11.  depended  upon  knowledge  intensification  and  energy 
12  conservation.  Intelligent  machines  and  robotics  will  cill 
18  for  considerably'  fewer  worker!  but  with  much  higher 

14  skills.  At  the  same  time,  there  Ivill  be  a  substantial  jn- 

15  /  crease  in  the  average  age  of  the  population. 
v16  (k)  Design.—  f' 

)7  ♦       (1)  The  increasing  complexity  of  human  needs;  de- 

18  pletion  of  national  resources,  and.  expanding  population 

.19  placing  an  increased  burden  \ipon  the  environments, 

J}0  and  the  rnpid^devdopment  of  technology  makes' excel- 

it  lence  in  design  of  products  and  systems  h  necessity. 

22  (2)  The  increased  demand  for  United  StateB  prod- 

2S  ucts  an4  systems  resulting  from  the  promotion  of  excel- 

24  lence  in  desigh  will  stimulate  expansion  of  the  Nation's 
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1  trade  and  will  result  in  increased  employment  opportu- 

2  nities  for  United  States  citizens. 

8  PUBP08B               . * 

4  Sec.  3,  It  is  the  purpose  of  the  Congress  to  ti|s  Act  to 

5  establish  a  National  Professions  and  Technology  Foundation 

6  whicjlfehall  develop  coordinated  efforts  among  the  public  pro- 

7  fessitW,  toah$try,  labor,  government,  and  academia  for  the 

8  resolution  of  national  problems  and  the  identification  of  na- 

9  tional  opportunities  on  a  multiprofessional,  multidisciplinary  - 

10  basis  and  shall  promote  the  advance  of  technology,  profes- 

11  sional  innovation  and  the  supply  of  professional  and  technical  v 

12  manpower  for  the  improvement  of  the  economic,  environmen- 
18  tal,  and  societal  well-being  of  the  United  States,  including 
14  development  of  the  requisite  knowledge  base;  promotion  of 
16  standards  and  the  long-range  analysis,  assessment  and  poll- 

16  cies  needed  for  each  of  these  areas. 

17  DEFINITIONS 

18  Sec.  4.  As- used  in  this  Act,  the  term— 

19  (1)  "Foundation"  means  the  National  Professions 

20  and  Technology  Foundation  established  by  this  Act; 

21  (2)  "Direftof"  means  the  Director  of  the  National 

22  Professions  and  Technology  Foundation; 

28  (3)  "Board"  means  the  National  Professions  and 

24  Technology  Hoard  established  by  this  Act; 

\ 


►  12 

(4)  "technology"  means  not  only  machinery,  elety 
tronic9,  tools,  chemical's,  etc,,  but  ideas  which  advance 
human  capabilities,  and  also  the  structure  and  manage- 
ment of  the  human  organization  of  our  society; 

(5)  ^public  profession"  means  a  body  of  persons 
engaged  in  a  calling  which  requires  specialized  knowl- 
edge, which  may  require  extensive  educational  prepa* 
ration,  which  has  a  significant  relationship  with  public 
affairs  and  the  allocation  of  national  resources,  which  is 

^accountable  to  constituencies  ani  the  public,  and  .which 
includes  but  is  not  limited  to  accounting,  architecture, 
criminology,  dentistry,  education,  continuing  education, 
engineering,  finance,  journalism,  law,  management, 
medicine,  mental  health,  nursing,  pharmacy,  public  ad- 
ministration and  legislation,  public  health,  social  wel- 
fare and  urban  planning;  [ 

i 

(6)  "institution  of  higher  education"  means  a  col- 
lege, university  or  school  in  any  Stat^  or  foreign  coun- 
try which — 

(A)  admits  as  regular  students  only  individ- 
uals having  a  certificate  of  graduation  from  a 
sdhool  providing  secondary  education  or  the  rec- 
ognized equivalent  of  such  certificate; 
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1  (B)  is  legally,  authorized  wthln  such  State  or 

2  foreign  country  to  provide  a  program  of  education 
8  beyond  secondary  education; 

4  (C)  provides  an  educational  program  for 

5  which  it  awards  a  bachelor's  degree  or  other 
*0  degree,  or  provides  not  less  than  a  two-year  pro- 

7  gram  which  is  acceptable  for  full  credit  toward  a 

8  bachelor's  degree; 

9  (DHlr*  public  or  other  nonprofit  institution; 

'  ■  1 

10  (E)  is  accredited  by  an  accrediting  organiza- 

11  tion  or  association  determined  by  the  Foundation 

12  'to  be  a  reliable  authority  as  to  the  quality  of 

■  *  •  i 

13  training  offered.  '  / 

14  (7)   "agency"   means   any   Federal  executive 

15  agency!  ar)d 

18  (8)  "State"  means  the  several  States,  the  District 

17  of  Columbia,  the  Commonwealth  of  Puerto  Rico,  the 

18  .     Trust  Territory  of  the  Pacific  Islands,  or  any  other  ter- 

19  ritory  or  posqpssion  of  the  United  States. 

20  %  ESTABLISHMENT'  OF  THE  NATIONAL  PROFESSIONS  AND 

21  TECHNOLOGY  FOUNDATION 

ft  *  T 

22  Sec.  5.  (a)  There  is  hereby  established  in  the  excoutive 

23  branch  of  the  Federal  Government  an  independent  agency  to 

24  be  known  as  th$  National  JMcssions  and  Tcchnol 

I  * 

25  Foundation.  ,  * 
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(b)  There  are  hereby  established  in  the 'Foundation— 

(if)  a  National  Professions  and  Technology  Board, 
to  function  in  accordance  with  section  7;  > 

(2)  an  Office  of  Director  of  the  Foundation,  to 
function  in  accordance  with -section  8; 

(8)  an  Office  of  National  Policy,  Analysis  and 
Assessment; 

(4)  an  Office  of  National  Programs; 

(5)  an  Office  of  the  Professiohs; 
(8)  an  Office  of  Human  Resources; 

(7)  an  Offiee  of  Small  Business;  and 

(8)  an  Office  of  Intergovernmental  Technology 
and  Protons  Delivery  Systems. 

(c)  ^here  &re  hereby  transferred  to  the  Foundation— 

(1)  the  National  Bureau  of  Standards  of  the  De*  * 
partment  of  Commerce;  4l 

(2)  the  Patent  and  Trademark  Office  of  the  Do- 
partment  of  Commerce; 

(3)  ,the  National  Technical  Information  Service  of 
the  Department  of  Commerce; 

(4)  tfye  Office  of  Small  JJusjncss  Research  and  De- 
velopment of  the  National  Science  Foundation} 

(5)  th^  Directorate  for  Engineering  of  .the  Nation- 
al Science  Foundation; 


15 

1  ,  '(6)  the  Division  of  Industrial  Science  and  Techno- 

2  logical  Innovation  (exclusive  of  the  nonengineering  pro* 
.  8  *     grararf  of  the  industry/university  cooperative  research 

4  projects  program  element) 'of  'the  National  Science 

r  5  Foundation; 

6  (7)  thf  Intergovernmental  Programs  Section  of 

7  the  National  Science  Foundation; 

8  (8)  the  Office  of  Industrial  Technology  of  the  De- 

9  parlwcnt  of  Commerce  (as  established  under  section  5 

10  of  the  Stevenson^Vydler*  Technology  Innovation  Act  of 

11  '     1980);  and  . 

j  12  (9)  the  Center  for  the  Utilization  of  Federal  Tech- 

18  nology  of  the  Department  of  Commerce  (as  established 

14  bisection  11(d)  of  such  Act). 

15  (a)  There  are  hereby  transferred  to  the  Foundation  all 
^16  the  functions,  >powers,  duties,  and  authorities  of  the  National 

17  Science  Foundation  and  the  Secretary  of  Commerce  under 

18  the  Stevefson-Wydlfer  Technology  Innovation  Att  of  1980* 

19  FUNCTIONS  0F'THE  NATIONAL  PROFESSIONS  AND 
,  20  *                  TECHNOLOGY  FOUNDAT^N 

21  Sec.  6.  (a)  The  Foundation  shall,  through  the  National 

22  Office  of  Policy,  Analysis  and  Assessment— 

28  ~          (1)  in  cooperation  With  the  professional  societies 

24  and  the  statistical  agencies  of  the  Federal  Government! 

25  dcvoloo  improve^  indicators  of  the  quality  of  national 

-     -      ■  .      •  •  v  t 
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life  along  with  those  activities  such  as  measures  of  in- 
novation and  productivity  which  contribute  to  the  na- 
tional well-being;  '  I 

(2)  coffduct  analysed  and  assessments,  including 
studies  of  the  effects  of  technology  and  the  professions 
apon  the  past,  present,  and  future  quality  of  national 
life;. 

(3)  determine  the  influence  of  economic  conditions, 
professions  programs,  higher  education  structure  and 
policy,  labor  conditions,  industrial  structure  and  man- 
agement,  and  government  programs  and  policies  on  in- 
dustrial and  professional  innovation,  the  development 
and  utilization  of  technology  and  the  national  quality  of 
life*  /  \  » 
/   (4)  develop  methods  to  assess  existing  and  pro* 

posed  programs  ary  policies  of  the  public  professions 

\ 

with  a  view  toward— 

(A)  forecasting  the  impact  of  such  programs* 
and  policies  upon  the  quality  of  life  in  the, Nation; 
and 

(B)  suggesting,*  whenever  necessary,  alterna* 
\    4ive  programs,  policies,  and  resources  to  attain 

improved  quality  of  life,  ■  « 

i  (5)  determine  thp  relationships  of  technological 
t\n&  professional  developments  and  international  tech* 
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nplogy  transfer?  to  the  output,  employment,  productiv- 
ity and  world  trade  performance  of  the  United  States . 
and  Foreign  industrial  sectors; 

'(6)  id|ptify  technological  and  professional  needs, 
problems  and  opportunities  within  and  across  industrial* 
sectors  that,  if  addressed,  could  make  a  significant  con- 
tribution to  th&  economy  of  A  e  United  States; 

(?)  assess  whether  the  capital,  human,  technical, 
and  other  resources  being  allocated  to  domestic  indus- 
trial  sectors  ^hich  are  likely  to  generate  new  technol- 
ogies are  adequate  to  meet  private  and  social  demands 
for  goods  and  services  and  to  pronjbte  productivity  and 
economic  growth; 

((^^l^duct,  either  directly  or  through  grants, 
loans  and  other  assistance,  studies  and  evaluations  of 
the  operation  of  the  public  professions,  the  delivery  of 
services  by  the  public  professions  and  the  manner  in 
which  governmental  agenciea'ttee  the  services  of  public 
professions;  •  *        .    .  *  »£•  ** 

(9)  develop  and  encourage  the  pursuit  of  a  broadly 
conceived  national  professions  policy,  which  support 
the  national  interest  and  a  plan  for  periodic  updating  of 
such  policy;         \  t      „  /  * 

*  (10)  propose  and  support  studies  and  policy  ox* 
pcrimonts  in  cooperation  with  .other  F|teral  Agencies, 
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tp  determine  the  effectiveness  of  measures,  with  the 
potential  of  advancing  United  States  technological  and 
ptofcasions  innovations; 

(11)  recommend  to  the  Director,  for  transmission, 
to  the  President  and  Congress,  government  measures 
with  toe  potential  of  advancing  United  States  techno- 
logicaTand  professions  innovation  and  exploiting  inn**-**; . 
vatiw8  of  foreign  origin; 

(12)  cooperate  and  coordinate  with  ojher  policy 
bodies  of  the  Federal,  State,  and  local  governments; 

(13)  propose,  assess  and  e^alifate  national  policies 
in  the  interest  of  the  national  welfare,  stable  develop* 
ment  of  the  economy  ayrquality  of  life  for  those  areas 
where  a  formal  poli^*  mechanism  does  not  exist  or 

1    present  policies  are  ina^pquate; 

K  (14)  propose  policies  to  actively  promote  coopera- 
tive rather  than  adversarial  public  and  private  sector 
relations  and  policy  development; 

(15)  formulate  for  national  review,  debate  and  ton* 
Implementation  long  range  indu^H^l  "policies  .^ith  atten-  , 
tion  given  to:  *      *  . 

(A)  industries  of  the;  future  whose  early  im- 
pleincjqtntion  will  affect  the  national  prosperity 


and  life  quality; 
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(Q)  identification  and  promotion  of  the  basic 
technology  and  R&p  necessary  to  support  the 
next  genertttl&n  of  Dew  industry; 

(<|)  development  of  basic  fields  common  to  all 
industries  such  as  new  materials  and  bio- 
technology^ 

(D)  mechanisms  for  promotion  and  support  of 
long  term  industiy,  labor,  university,  professions^ 
and  government  partnerships,  including  the  n&-  » 
tional  laboratories; 

(E)  areas  wjiore  government  aid  should  be 
considered  when  sufficient  technological  dcvelop- 
ment  cannot  be  expected  from  private  enterprise 
due  to  high  risks,  lo$£  lead  times,  and  the  sheer 
magnitude  *of  ttlfe  investment  In  principle,  govern- 
ment support  should  be  given  only  to  research 
And  development  programs  with  commercialization 

and  new  technology  diffusion  the  responsibility  of 
> 

individual^  companies; 

(F)  taxj  financial,  savings  and  investment 
incentives; 

w 

(0)  declining  an<T  troubled,  industries  with 
significant  impact  upon  the  national  economy  er 
local  r^ioris; 

* 
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1  (H)  industrial  Jitructure,  organization,  loca- 

2  tion  and  enwtyirtefrtaUimpfcct; 

8  (I)  inn(fvation  and  productivity; 

4  *           (J)  the  promotion  of  standardization; 

6  (K)  maximizing  the  ability  and  effectiveness 

6  of  private  enterprise,  including  cooperative  and 

7  not-for-profit  institutions;  * 

8  v  (ty  encouragement  of  private  technology  de- 
0  ^^elopment  efforts,  including  subsidies  where  ap- 

10  propria te  to  stimul&tft  thd  development^  critical 

U  technology; 

12  9     (16)  in  cooperation  with  the  Office  of  Rational 

*  \ 

18  Programs  establish   a  -coordinated  multiprofessions 

14  effort  with  full  partid^tions  of  industry,  l&bor,  educa- 

15  tion,  and  the  appropriate  Foundation  Councils  to — 
10  (A)  identify  emerging  national  problems  and 

17  needs  including  those  of  industry,  technology  and 

18  the  professions  that  are  not  adequately  resolved 

19  by  other  public  and*private  institutions; 

20  (B)  propbse  policies  and  programs  to  proper- 

21  /  ly  resolve  such  problems  and  npeds;^  and 

22  '  ,  (C)  present  at  regular  intervals  of  not  more 
28  than  ten  years  an  emerging  problems  and  pppor* 
24  tuniti<j8  analysis  for  national  review  and  comment 
20  ?  to  develop  a  vision  of  the  succeeding  decade;  the 
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analysis  should  be  part  of  an  ongoing  and  system- 
atic critical  trends  assessment  program;  j 

(17)  in  cooperation  with  the  Office  of  Human  Bjp- 
sources  develop  long-term  National  Professional  and 
Technological  human  resource  policies  to  guide  where 
private  and  Federal  funds  would  be  best  employed  to 
insure  the  Nation's  well-being; 

(18)  establish  in  cooperation  with  the  OffiV  of 
Science  and  Technology  Policy  and  the  National  En* 
dowment  for  the  Humanities  a  program  for  improving 
the  use  of  risk  analysis  and  decision  theory  and  other 
forcasting  methods  by  federal  agencies  concerned  with 
regulatory  decisions  and  national  resource  allocation; 

*  (19)  in  cooperation  with  the  Office  of  Small  Busi- 
ness, develop  policies  and  programs  to  materially  im» . 
prove  the  resources  and  capabilities  of  United  States 
smnll  enterprise; 

\  (20)  cooperation  with  thd  National  Technical 
Information  Service,  develop  and  propose  for  national 
review  and  implementation  a  coherent,  comprehensive*. 
National  Information  Policy;  and 
—  $1)  in  cooperation  with  other  offices  and  with  the 
advice  and  recommendations  of  tho Foundation^  Coun- 
cils, fethe  C^fico  shall  at  intervals  of  not  more  than  ten 
yours  provide  a  comprehensive  analysis  and  evaluation 
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22 

1  of- the  functioniq^of  the  Foundation,  its  effectivity  in 

2  anticipating  and  meeting  national  problems,  including  a 
8        comparative  analysis  with  similar  institutions  in  other 

4  countries,  and  then  submit  to  the  Congress  a  plan  for 

5  Foundation  renewal  or  termination, 

6  (b)  The  Foundation  shall,  through  the  Offtte  of  National 


7 

Programs— 

8 

#         (1)  in  cooperation  with  the  National  Office  of 

9 

Policy,  Analysis  and  Assessment,  identify  emerging  na- 

10 

tional  problems,  opportunities,  and  needs  including 

11 

those  of  industry,  technology,  and  the  professions  that 

12. 

* 

cannot  be  adequately  satisfied  by  other  public  and  pri* 

Iff 

vate  institutions; 

-14 

(2)  establish  coordinated  multiprofeasions  efforts 

15 

with  full  pocjlicipntion  of  industry,  government,  labor, 

16 

educators  and  representatives  of  public  interest  groups 

17 

to-*- 

18 

(A)  determine  approaches,  resources  and  pri* 

19 

oritics  required  to  implement  the  policies  and  pro* 

20' 

grams  of  paragcaph  (X)  and  encourage  and\facili: 

21 

tate  cooperative  government,  industry,  laW,  edu* 

22' 

cntion  and  professions  programs,  applied  resoarcb 

23 

and  the  development  of  solutions  either  through 

24 

the  Notional  Bureau  of  Standards,  tho  National 

376  v  ^ 
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1 

Laboratories  br  by  extramural  grants  and  contacts 

2 

to  the  universities  and  industry; 

8 

(B)  address  issuer  common  to  all  industries 

4 

including  pollution  and  location; 

5 

(3)  support  such  extramural  applied  research  and 

6 

development  as  falls  outside  the  purview  of  other  Fed- 

i 

7 

eraJ^ageYicicrs  and  should  be  supported  in  the  national 

8 

interest;                                  .  . 

9 

>       (4)  carry  out  the  problem  fooussed  programs  other 

10 

than  intergovernmental  programs,  tenters  programs, 

11 

engineering  programs,  and  small  business  programs" 

12 

transferred  to  the  Foundation  by  section  *5(c)($)  of  this 

18 

•  ) 

Act; 

14, 

(5)  identify  declining  or  less  competitive  industries 

15 

important  to  the  national  welfare  and  cooperate  with* 

16 

the  Department  of  Commerce  to  develop  and>  imple- 

17 

ment  national  and  regional* plans  and  policies  for\hese 

18 

industries. 

19 

(c)  The  Foundation  shall,  through  the  Office  of  the 

20  Professions-— 

21  (1)  carty  out  engineering  programs  transferred  to° 

22  the  ^bundntion  by  section  '5(c)(5)  of  this  Act,  including 
28  the  establishment  of  an  Engineering  Directorate  within 
24      .  the  Office: 


874  r 

.1 

.  -.j.         24         '  • 

1  v  (2)  support  applied  research  and  development  in 

2  engineering  disciplines  not  adequately  supported  by 

8        other  source*  of  'funding,  and  support  fund Imentiil  re*  ■ 

4  search  in  all  engineering  disciplines; 

5  (8)  support  applied  research  and  development  in 

6  disciplines  of  the  professions  not  adequately  supported 

7  by  other  sources  of  finding; 

8  v        W  establish,  through  granty  loans  and1 'others 

9  sistjance,  programs  of  investigation  and  applied  re- 

10  +  search  among  the  public  professions  designed  to  under- 

11  ^      stand  artd  facilitate  the  mechanisms  necessary  to  in* 

12  volve  the  public  professions  in  partnership  fyith  indus* 

18        try,  labor,  education,  and  government  for  the  solution^ 

14  •     ^national  problems;  «nd  further,  whfre  appropriate, 

15  closer  cooperation  with  local,  State,  and  federal 
18  agencies; 

. .  *  * 

11      d       (5)  prqvide  for  seminars,  conferences  and  lectures 
18      /designed  to  promdte  public  and  profpss  >nal  under- 
,19        standing  of  the  public  resource  allocatin^lnd  environ- 
"*  .20        mental  decisionmaking  :*ole  of  the  professions  and  the  • 
¥7*21        need  for  cooperation  among  government,  Jpdufctry,  uni- 


ne?d  tor  pc 

22  V  versity,  Ia|or  and  the  prdfeBsijna  to  counteract  the 
28       ;lprcs£nt  unproductive  adversarial  relationships; 


1 
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*    (6)  act  as  at  clearinghouse  of  information  with  re- 
spect to  the  public  professions  and  the  need  for  serv* 
-  .  ices  offered  by  the  public  professions; 

♦  (7)  establish  programs  of  exchange  between  the 
*  public  professions  in  thf  United  States  and  other  coun- 
tries; and  \. 

(8)  develop  and' implement  a  program  of  applied 
research  and  development  directed  at  strengthening  the 
knowledge  base  and  methodology  required  to 'support 
gqvernment  agencies  in  utilizing  risk  analysis,  decision 
theory,  and  qther  forecasting  methods  in  regulaf&ry 

and  resource  allocation  decisionmaking  including  coop- 

t 

erative  applied  research  to  be  undertaken  with  the  En- 
dowment  for  the  Humanities  to  develop  methodology 
'  for  the  determination  of  socially  acceptable  risks  and 
value  systems; 

(d)(1)  The  Foundation  shall,  through  the  Office,  of 
Human  Resources-— 

(A)  in  cooperation  with  the  Office  of  Policy,  Anal- 
ysis and  AssesimtejU,  develop  and  maintain  long  term 
national  professionaf  and^chnologfcal  human  resource 
policies  to  guide  where  private  and  Federal  funds 
would  be  ¥  best  employe^  \to  insure',  the  Nation's  well 
being  including:  6       1  »   .     '  \  ■  V  " 
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1 

•  (i)  establishment  of  a  national  council  on  pro- 

% 

fessional,  technical  and  scientific  manpower; 

8 

4~ 

(ii)  establishing  and  maintaining  the  neces- 
sary means  for  identifying  and  assessing  the  short 

5 

and  long  term  professions,  technical  and  scientific 

6 

\    human  resource  needs  necessary  for  .the  well 

■  7 

/    being  of  the  Nation  and  to  provide  policies  and 

8 

programs  necessary  to  meet  these  needs  (including 

9 

sdeh  resources  as  personnel,  institutions,  equip- 

/  ♦ 
ment,  facilities  and  funding); 

10 

11 

(iii)  assisting  in  the  preparation  of  such  long 

12 

range- technical  human  resource  assossnfcnts  and 

IS 

policy  recommendations  as  are  required  or  author- 

14 

^      ized  by  the  National  Science  and  Technology 

15 

Policy,  Organization  and  Priorities  Act  of  1976 

\t 

(42'U.S.C.  6601  et  seq.); 

17 

(B)  encourage  and  support  public  professions  and . 

18  - 

technical  training  and  educational  institutions  which 

19 

may  include,  but  need  not  be  limited  to™ 

20 

(i)  establishing,  operating  or  providing  fund* 

21 

ing  fpr  training  or  educational,  institutions,  includ- 

22  • 

*   ing  libraries; 

23 

(ii)  providing  grant*,  lohns,  m  other  assist- 

24 

*        ancc  to  individual;  f 

'.C«i,  ■  .  • 
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(^developing  professions  curricula  or  train- 

2  ing  programs  in  anticipation  of  national  needs; 

8  "and 

4  (ivKcn^ourajpng  and  providing  assistance  for 

5  minorities  and  womefl  to  tter  the  professions; 

6  *  (C)  encourage  the  temporary  exchange  of  profes^ 
1  sional  personnel  between  academia  and  industry  to  pro- 

8  mote  the  purpose  of  this  Act  as  set  forth  in  section  8; 

9  and 

}P  (D)  carry  out  the  functions,  powers,  duties  and  ro- 
ll    ■  ..sponsibilities  transferred  by  section  5(d)  of  this  Act 

J2  with  respect  to  providing  assistance  for  the  establish- 

13  ment  of  CenterWo*  Industrial  Technology  and  Design 

14  and  the  programs  of  suclf  Cfenters  transferred  by  sec- 

15  Hons  5(c)(6)  and  5(c)(8)  of  this  Aet,  to  efttiance  techno- 
lft     .   logical  and  professional  innovation  through—  •  •* 
*7  (i)  the  "participation  of  iWv'^uals  from  indus- 

18  try,  professions,,  and  univcr.*itu    in  cooperative 

19  technology  and  professions  innovuio  i  activities; 

20  (ii)  the  identification  and  dtvcloiment  of  the 

21  generic  knowledge,  technology  dnd/or  methodo.lgy, 

22  base  important  for  technological  advances  in  the 
28  quality  of  life  and  innovative  activity  in  which  in-) 

24  \  dividual  firms  have  little  incentive  to  invest,  but 

25  which  may  have  significant  economic  importance, 
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1 

2 

-  8 
4 
5 
6 
7 
8 
9 

10 
11 
12 

If 

15 
16 
17 
18 
19 
20 
21 
*  22 
23 
24 


such  as  a  manufacturing  technology' or  a  pollution 
control  system; 

(iii)  facilitate  cooperative  government,  indus- 
try, labor,  university,  and  professions  efforts  in 
the  matter  of  government  mandated  health, 
safety,  and  environment  regulations. 

(I)  to  ensure  thai  the  regulations  are 
achievable; 

(IT)  to  develop  the  basic  methodology 
and  technology  for  satisfying*!*  regulations 
and  minimizing  costs  of  duplicative  research; 

(III)  to  educate  professionals  in  the  re- 
quired technology; 

(IV)  to  apply  comparative  risk  analysis, 
decision  theory,  and  other  forecasting  meth- 
odologies to  regulation  formulation  to  ensure 
a  societal  return  comparable  to  the  societal 
investment;  and  V 

I 

(V)  to  encourage  innovation  in  satisfy- 
ing regulations. 

(iv)  the  education  and  training  of  individuals 
in  professional  and  technology  innovation; 

(v)  the  improvement  of  mechanisms  in  the 
dissemination  of  scientific  professional  and  teehni- 
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\"  cal  information  between  universities,  industry,  and 

2  the  professions.  1 

8  (vi)  the  utilization  of  the  capability  and  ex- 

4  ^  pertise  where  appropriate/  that  exists  in  Federal 

5  laboratories;  and 

6  (vii)  tl^  development  of  continuing  financial  £ 

7  support  from  industry*  and  universities  through, 

8  among  other  means,  fees,  licenses  and  royalties. 

9  (2)  The  activities  of  the  Centers  established  pursuant  to 

10  paragraph  (1)(D)  of  this  section  may  include,  but  need  not  be 

» 

1 1  limited  to — 

12  (A)  research  supportive  o}  technology,  professions, 

19  and  industrial  innovation  including  cooperative  indue- 

14  tr)>  professions,  and  university  basi^nd  applied  re- 

15  search; 

16  (B)  assistance  in  the  evaluation  and  development 

17  of  technological  ideas  aupportive  of  industrial  innova- 

18  <*  tion  ajid  new  business  ventures;  • 
1^  (C)  technological  and  professional  assistance  and 

20  advisory  services  to  industry  (including  cooperative 

21  and  non-profit  orgar^atiorts),  government,  and  the 

22  professions; 

29  ^  (D)  curriculum  development  and  instruction  in  in* 

24  vention,  entrcprencurship,  and  professional  innovation 

25  and  multiprofcssional  problem  resolution. 
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1  (8)  Prior  to  establishing^  Center  pursuant  to  paragraph 
to 

2  (1)  the  Director  shall  find  that—  " 

3  (A)  consideration  lias  beon  given  to  the  potential 

4  contribution  to  productivity,  employment,  and  economic 

5  competitiveness  and  national  life  quality  of  the  United 

6  States  of  the  activities  proposed  under  the  Center; 

7  (B)  a  high  likelihood  exists  of  continuing  participa* 

8  tion,  advice,  financial  support,  and  other  contributions 

9  from  the  private  sector,  including  industry,  labor  and, 

10  the  professions. 

11  (C)  the  host  university  or  nonprofit  institution  has 

12  a  plan  for  the  management  and  evaluation  of  the  activ* 
18  ities  proposed  within  the  particular  CenteY,  including 

14  consideration  of  means  to  place  the  Center,  to  thtf 

15  maximum  extent  feasible,  on  a  self-sustaining  basis; 

10  andN 

17  .  ^^-^-(0)  suitable  consideration  has  been  given  U^the 

18  proposed  geographical  location  of  the  Center.  \ 

19  (c)  The  Foundation  shall,  through  the  Office  of  Small 

20  Business — 

* 

21  (1)  in  cooperation  with  the  Office  of  Policy,  Anal- 

22  ysis  and  Assessment,  develop  and  implement  policies 
28;       and  programs  to  materially  improve  the  resources  arm 

24  capabilities  of  United  States  small  enterprise  including 

25  but  not  limited  to:..  $  N  !^ 

'  384   •  :  '      ,  v 
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*  (A)  upgrading  the  production  technology 
available  to -small  enterprise  through  grants  and 
incentives  for  research  and  development  projectB 
including  those  conducted  joirltty  by  industry, 
universities  and  public  and  private  research 
organizations, 

'(B)  training  technical,  (fofcssional,  enfrepre- 
.    neurial  and  management  personnel; 

(C)  promotion  of  computerization  in  small  en- 
terprise for  design,  manufacture  and  management; 

(D)  advancing  and  modernizing  fproduction 
capabilities  and  facilities;  and    \  ; 

jE)  providing  management  Msultatidn.  / 

(2)  infeooperation  with  the  Office  of  Human  Re- 
sources create  the  professions  and  technology  counter- 
part^of  the  United  States  '  Agriculture  Exteiision 
System  to  provide  access  by  individual*  company  and 
industry  to  advise,  support  land  expert  consultation,  in- 
cluding but  not  limited  to:'  the  latest  manufacturing 
processes,  ,  management  systems,  quality  assurance 
methods, .production  techniques,  personnel  procedures, 
computer  applications,  financial  controls,  and  extension 
services; 

(3)  operate  programs  of  grants-  and  contracts  for 
the-  development  and  advancement  of  high-technology 
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stnall  businesses  ^including  jqint  cooperative  industry, 
education,     government,     applied     research  ■  and  x 
development;  ♦     *  * 

(4)  foster'communicatloh  between  scientific  and 
technological  agencies^ofHhe  Federal  Government  and 
the  smalt  business  community; 

(d|  qollect,  analyze,  compile,  and  publish  informa- 
tion concerning  grants  and  contracts  awarded  to  small 
business  concerns  by  scientific  and, technical  agencies 
of  the  Federal  Government,  *and  the  procedures  for 
handling  proposals  submitted  by  small  business* 
concerns;  . 

(8)  assist  individual  high-ttfchQplogy  small  business 
conceAis  in  obtaining  ihformation  regarding  programs, 
policies,  regulations  and  procedures  of  the  Federal 
Government,  and  assist  such  businesses  in  dealing  with 
the  Federal  Government; 

(7)  recommend  to  the  Direct*  for  transmission  to 
the  President  such  changes  in  the  laws,  procedures, 
policies  and  practices  of  the  Federal  Gov^mcnt  as 
may  be  required  to  enable  the  Natiop  to  benefit  more, 
fully  from  the  resources  of  high-technology  small  busi- 
,neS8C8;  and  x 
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.  as 

1  '  (8)  carry  out  the  programs  of  the^agetocies*  trans- 

2  '  ferrod  by  section  5(c)(4)  and  junalh  business  program  of 

3  "the  agencies  tra^s%rre)l  by  section  6(c)(0). 

r  * 

4  f  (0  The  Foundation  shall,  through  the  Office  of  Intergov-^ 

5  emmental  Technology  and  jPrdfessions  Delivery  Systems: 

6  (I)  provide  staff  support  for^the  President's  Inter- 

7  governmental  Science,  Engineering  and  Technology 
8*  Advisory  Panel;  r- 

9  ^2)  carry  out  Ithe  intergovernmental  programs 

10  transferred  to  the  Foundation  through  section  5(c)(7)  of 

1*  thi^t;-            |  . 

12  .  (3)  fac^tate  the  integration  of  professional,  scien- 

13  tific  and  technological  resources  into  the  policy  forma- 

14  tion,  management  support  and  program  operation  ac- 

15  tivitics  of  State  and  local  governments; 

16  (4)  promote  technology  transfer  from  the  Federal 

17  Government  arrd  private  enterprise  to  State  and  local 

18  governments; 

!B  (5)  support  and  promote  the  appropriate  utilization 

20  of  technology  through  organized  State  or  local  pro- 

21  grams   of  technology   and*  technology   infprmation  . 

22  distribution; 

23  (6)  carry  out  the  programs  transferred  to  the 

24  Foundation  by  section  5(c)(9)  of  this  Act; 


9 
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1 1  (7)  jtudy  and,  improve  ihe  delivery  of  services  by. 

2  .   the  professions  and  tKe  performance  of  professions  de- 

8  livery  systems  in  government^  and 

4  0  (8)  support  and  facilitate  cooperation  between 

5  govern^nt  (national,  State;  county,  and  city)  and  the 

6  ,  professional  schools  of  the  university  to  make  the  re- 
*7  sources  of  the  university  available  to  legisjjfctorsjor  the 

8  y    regular  assessment  and  'evaluation  ot^p^jcies,  prob- 

9  lems,  programs,  and  issues  on  a  multiprofessional  sys- 

10  *  terns  basis.  ^ 

11  (g)  The  Foundation  shall,  through  the  National  Bureau 

12  of  Standards— 

♦ 

13  (1) 'promote  .and  jprotcct  United  States  interests  in 

14  international  voluntary  standardization  activities,  in  co- 
16,  operation  with  other  Federal  agencies  and  national 

16  non-Federal  voluntary  standards  organizations; 

17  (2)  provide  funding  and  other  necessary  support 

18  for  United  States  participation  in  international, volun- 

19  tary  standardization  activities;  and 

20  (8)  develop  and  maintain  a  long  term  public  and 

21  private  comprehensive  National  Standards  Policy  in  co- 

C  J 

22  operation  with  the  Office  of  Policy,  Analysis  and  As- 

28  8cssment,  other  Federal  agencies  -end  'national,  non- 
24  Federal  agencies  and  national  non-Federal  voluntary 
25        standards  organizations. 
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,(h)  fhe  Foundation  shall,  through  the  National  Techni- 


.        (1)  in  coordination  with  existing  private  and  public 
in  co 


5 

\ 
6 


d 

2  cal  Information  Servi<Jb— 
8 

4        systems  and  In  cooperation  with  the  Office  of  Policy,  / 
Analysis- and  Assessment,  develop  and  implement  a  co- 
herent National  Information  and  Statistics  Policy  di- 
,tected  to:    •  .  %  \ 

(A)  the  effective  opera'tioii  of  the  society  and 
the  measurement  of  the  important  factors  influ-  * 
encing  the  national  life  Quality,  including  continu- 
es gathering  of  data  x>n  and  assessment  of  cur- 

rent  and  future  United  States  and  foreign  technol- 
ogy, professions  delivery  systems  and  design; 

(B)  the  promotion  of  a  full  array  of  inforina-* 
tion  and  statistical  services  regarding  research 


12 
13 
14 
lo 
16 
17 

18 

<  . 

19 

20 
21 

22 
23- 
24 
23 


and  development  from  Federal  laboratories,  as 
well  as  foreign  advancement  in  the  professions, 
technology  and  science;  « 
j      (C)  greater  access  and  utilization  of  thp  na- 
tional and  private  assessment,  information,  and 
statistical  systems  by  small  and  large  .business, 
academia,  the  professions,  labor,  Federal  agencies,  , 
the  State  an^i  local  government 
(2)k  promote  technology  transfer  from  the  Federal 
Government  to  privato  enterprise  and  assist  tho  Office 
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1  of  Intergovernment  Technology  and  Professions  Deliv- 

2  ery  Systems  in  promoting  technology  transfer  to  State 
^   8        and  local%overrimentj|;  j  ' 

>  *  4  (8K  develop  and  maintain  an  organized  reporting 

f  4       *  '         *  , 

*  *5^  of  information  on  the  historical,  leg&l,  technological, 

} 

.  /       \     6  commercial,  and  professions  aspects  of  design  in  the 

.  7  United  States  and  foreign  countries  and  make  this  iri- 

8  formation  available  for  use*  by, the  public  and  private 

%  9  sectof. 

10      -  (i)  The  Foundation  shall  create  a  National  Design  Qoun- 

■  t 

1.1  cil  which  shall—  ^ 

% 

12  (1)  through  its  programs,  encourage  excellence  in 

13  technological  design,  educate  United  States  entrepre- 

v     )       14        neurs  and  government  agencies  to  the  value  *of  excel-  . 

15  leitce  in  design;  encourage  such  entrepreneur/  to  pro- 

16  •  ,<ftote  excellence  irj' design  in  the  creation,,  manufacture 
^7         and  sale  of  well-designed  objects  and  systems;  and  * 

18  assist  other  government  agencies  as  their^  programs 

*    I  *      ■  ^ 

19  relate  to  the  objectives  of  the  Foiindatiort,  in  develop-- 

20  '       ing  and  encouraging  excellence  in  design  in  addition  to 

21  performing  their  other  duties; 

22  .    (p  establish  and  publicize  standards  for  excellence 
28     *  ■  in  the  design  of  objects  and  systems,  ifj^luding  but  not 
24        Hwtited  to  consideration  of  energy  consumption  reduc- 
tion, health  and  the  environment.  J 

4  / 
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1  (8),  consult  and  cooperate  with  foreign  govern- 

2  ments  and  intergovernmental  organizations  in  collabo- 

3  •    ration  ^with  the  Department  of  State,  and  with  private 

4  international  organizations  which  are  *>r  become  con- 

5  cerned  with  the  encouragement  and  coordination  of  in- 

6  creased      of  excellence  in  design,  to  gain  intemation- 

7  al  recognition  for  design  standards  propc^d  by  the 
,8  United  States,  ^ 

'9  NATIONAL  PROFESSIONS  AND  TECHNOLOGY  BOARD 

W  Sec.  7.  (a)  The  Foundation  shall  be  operated5  under  the 

\\  general  supervision  and' policy  control  of  a  National  Profes- 

12  sions  and  Technology  Board  which  shall  consist  of  (1) 

13  twenty-four  members  to  be  appointed  by  the  Prudent,  by  4 

14  and  with  the  consent  of  the  Senate,  in  accordance  with-jjwc- 

15  tion  12(b)(1),  and  (2)  the  Director,  appointed  in  accordance 

16  with  section  8(a).  <■» 

47  (b)  The  persons  nominated  for  appointment  as  members. 

18  of  the  Board— ■ 

19  •  (1)  shall  be  eminent  in  the  professions  and  tech- 

20  nology,  including  the  fields  of  labor;  •entrepreneurship, 

21  management,  education,  industry,  government,  inveri- 

22  tion,  patents  and  trade  and  shall  be  expected  to  inde- 

23  pendently  represent  ^1  ^segments  of  the  society  to 

24  avoid  dominance  by  the  Federal  Government.  4 


38$ 

1  (2)  shall  be  ^elected  so  as  to  provide  represente- 

2  •„  tion  from  minorities;  representation  of  all  geographic 
8  areas  of  the  Nation;  and  equitable  representation  of  all 

4  professions,  with  particular  attention  given  to  nominees 

5  .  possessing  experience  and  expertise  in  more  than  one 

6  profession,  *'*V 

7,  (8)  "shall  be  nominated  after  due  consideration  of 

8  -  recommendations  for  nomination  made  by  tl^  Board 

9  itself,  the  National  academies,  professional  societies, 

10  business  associations,  associations  of  State  and  local 

11  governments,  Wbor  associations,  or  other  appropriate 

12  organizations. 

18  (c)  The  term  of  office  of  each  member  of  the  Board  other 

14  than  the  Director  shall  be  six  years,  except  that — 

15  (1)  any  member  appointed  to  All  a  vacancy  occur- 

16  ring  prior  to  the  expiration  of  the  term,  for  which  the  . 

17  predecessor  was  appointed  shall  be  appointed  for  the 

18  remainder  of  such  term;  jjP' 

19  (2)  any  person  other  than  the  current  Chairman  of 

20  the  Board,  who  has  been  a  member  of  the  Board  for 

21  \  two  consecutive  stouyeas  terrfis  shall  thereafter  be  ineli- 

22  gible  fof  appointment  during  the  two-year  period  fol- 

23  lowing  the  expiration  of  the  second  term;  and 

24  (3)  of  the  persons  initially  appointed,  eight  ^tydl 
§5^      be  appointed  for  terms  ending  May  10,  1984,  eilht 
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^  1  shall  be' appointed  for  tejjns  epdingijItayiO,  1986,  and 

2>  eighfcv  shall  be  appointed  for  terras  ending  IJay'  10> 

8  1988".         "■  \  ^ 

4*\  (d)  The  Board  shall  have  a  Chairrnan  and  a  Vice  Chair-, 

♦ 

5  man  who  shall  bssele^d  by  the  Board  from  its  members  for 

6  a  term  of  four  years.  No  person  shall  serve  more  than  ten 

.  * 

7  -years  as  Chairman  of  the  Board.  The  Director  shalLnot  be 

8  the  Chairman  of  the  Vice  Chairman  but  shall  be  eligible  to 

9  vote  on  all  meters*  The  Chairman  shall  chair  meetings  tf  the 

10  Board  and  perform  functions  as  specified  in  this  Act.,  The 

11  Vice  Chairrhan 'shall  perform  the  duties  of- the  Chairman  in 

12  the  Chw/man's  absence.^  j     /    '    '  "•  .** 

13  (e)*The^  Board  shall  meet  (1)  not  less' than  twee  aftnual- 
.14  ly,  (2)  at  the  call  of  the  Chairman,  and  (3)  upon  the  wrjtteii* 

15  request  of  one-third  of  the  members,  A  majority  of  the  mera- 
16-  bers  of  the  Board  shall  constitute  a  quorum.  Each  member 
17  shall  be  given  ten-days  ^advance  written  notice  of  each 
1*8  meeting.  ■  ■  *>  ^ 

19  (0  There  shall  be  an  executive  committee  of  the  Boafd 

20  which  shall  be  composed  of  five  members,  including  the  Di* 

21  rector,  the  Chairman  of  the  Board,  the  Vice  Chairman,  an& 

22  two  other  members  of  the  Board  clpcted  to  two-year  terms 

23  by  the  Board.  The 'executive  committee  shall  exercise  such 
21  powers  and  functions  as  may  be  delegated  to  it  by  tho  Board. 
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1  (g)  The  Board  shall,  in  addition  to  any  powers  and  func- " 

2  tions  otherwise  granted  to  it  by  this  Act — 

S  (1)  establish  the  policies  of  the,  Foundation,  in  ac- 

4  *'      cordance  with  applicable  policies  established  by  the 

5  President  and  the  Congress; 

6  ^     (2)  review  the  budget  of  the  Foundation; 

7  (3)  review  the  programs  of  the  Foundation; 

8  (4)  render  the  report  of  section  14(B)  to  the  rresi- 

9  dent,  for  submission  to.the  Congress; 

10  (5)  approve,  or  disapprove  every  grant,  contract  or 

l\  •  '   otl/er  funding  arrangement  the' Foundation  proposes  to  * 

12c  make,  except  that  a  grant,  contract  or  other  funding 

18  arrangement  involving  a' commitment  pf  less  than 

.14  4  $25.0,000  may  be  made  by  the  Director  without  specif- 

15  ic  Board  action,  if  the  Boar<yhas  previously  reviewed 

16  and  approved  the  program  of  which  that  commitment 

17  is  part.. 

.18  1  (h)(1)  The  Board  is  authorized  to  appoint  a  staff  of  not% 
1{^  more  than  five  professional^  staff  members  and  such  clerical 

20  staff  as  may  be  necessary.  The  professional  staff  members 

21  ma/ be  appointed  Without  regard  to  the  provisions  of  title  5, 

22  United  States  Code,  governing  appointments  in  competitive 

23  service,  and  the  provisions  of  chapter  51  of* such  title  relating 

24  to  classification,  and  may  be  compensated  at  a  rate  not  to 
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•   .r  exceed  the  rate  provided  for  grade  QS-18  of  the  General 

2  SchedulcKQnder  section  5382  of  such  title. 

♦ 

8  (2)  The  Board  is  authorized  to  establish  such  special 

4  commissions  as  it^jnay  deem  necessary,  for  the  purposes  pf 

♦  5  this  Act     '        '                             *  • 

6  (i)  Members  of  the  Board  shall  receive  compensation 

7  when  engaged  in  the  business  of  the  T&undation  at  a  rate 

8  fixed  by  the  Chairman  but  not  exceeding  the  daily  equivalent 

9  of  the  rate  provided  for  level  GS-18  of  the  General  Schedule 

10  under  section  5332  of  title  5,  United  States  Code,  and  shall 

11  be  allowed  travel  expenses  as  authorized  by  section  5703  of 
*    12  title  5,\United  States  Qode,  , 

13  DIRECTOB  OF  THE  NATIONAL  PROFESSIONS  AND 

Hfr  TECHSvOLO(Jy  FOUNDATION 

15  Sec.  8.  (a)  The  Director  of  t{ie  Foundation  shall  be  ap- 

)6  poi)^d:by  the  president,  by  and  with  the  advice  and  consent 

\    17  of  the  Senate.  Before  any  persoi^is  appointed  as  Director, 

18  fhe  President  shall  afford  the  Board  an  opportunity  to  make 

19  recommendations  with  respect  to  such  appointment.  The  Di- 

20  rectqr  shall  receive  basic  pay  at  the  rate  provideef  for  level  II 
.   21  of  the  Executive  Schedule*  under  section  5313  of  title  5, 

22  United  States, Code,  and. shall  serve  for  a  term  of  six  years. 

23  (b)  ExccDt  as '.otherwise  specifically  provided  in  this  Act 
V  ' 

21  the  Diroctof  shall  exercise  all- of  the  authority  granted  to  the 

25  Foundation  by  this  Act:             ^  V' 
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I  (c)  The  Director  may  mak£  Bu^hWorisions  as  he  dpems 
*5  appropriate,  authorizing^the  performan^  by  any  other  offi- 
8  'cer,  agency,  or  employee  of  the~Foim<mtion  of  any  of  his 

4  functions  under  this  Act 

5  (d)  The  Director  shall  fojmKlIate  the  programs  anftbudg* 

6  ets  of  thp  Foundation.     \,  ■ 1    ^  1       .  j 

'  7  %  DEPUTY  DIBECTpB  AND  ASSISTANT  D1RECTOB8 

8  Sec.  9.  (a) -There  shall  be  a  I^pjity  Director ^of  the 

.9  Foundation  who  shall  be  appointed  by  the  President,  by  apd 

"10  with  the  advice  and.consent^f  the^bnate,  6efore  any  person 

II  is  appointed  as  Deputy  Director,  the  PtesidefiUshall  a'ftord, 
12  the  Board  and  the  Director  an  opportunity  to  make  recom- 

*  vr 

13*  mendations  with  respect  to  such  appointment  The  Deputy 

14  Director  shall  receive  basic  pay  at  the  rate  proved  for  level 

15  111  of  the  Executive  Schedule  under(  section  53ft  of  title  5r 

16  *  UnitcA  States.  Code,  and  shall  perform  such  duties  and  exer- 

17  cise  such  po<vers  as  the  Director  may  prescribe.  Deputy 
18,  Director  shall  act  for,  and  excise  the  po>vers  ofr  the  Direc* 

19  tor  during  the  absence  or  disability^  the  birector  or  in  tfie 

20  e\f  nt  of  a  vacancy  in  the  Office  of  Director; 

21  #      (b)  There  shaHte  eight  Assistant  Directors  of  the'EouV 

22  dation  who  shall  be  appointed  by  theJPre|J^Qnt,  by  and  with 
the  ndvita  and  consent  of  the  Senate.  Bdfore  any  person  is 

34  apptflfltcd  as  an  Assistant  Director,  the  Prcsidcrti  shall  afford 
f25  Jho  Board  and  the  Director  an  opportunity  to  nrfl^recom' 
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1  menda^ions  with  respect  to  such  appointment&Jach  Assistant 

2  Director  shall  receive  basic  pay  at  the  rale  provided  tor  level" 
9.  IV  of  the  Executive  Schedule  under  section  5815  of  title  5, 

4  United  Sjates  Code;  shall  perform  such  duties  and  exercise 

5  such  powers  aV  the  Director  may  prescribe,  and  shall  have 
■  6  responsibility  fbr  one  of  the  following: 

7  (1)  the  Office  of  Folicy,  Analysis  and  Assessment; 

8  (2)  the  Office  of  National  Programs; 

9  *p)  the  Office  of  the  Professions; 

10  (4)  the  Office  of  Human  Resources; 

1)  (5)  the  Office  of  Small  Business; 

12  (6)  the  Office  of  Intergovernmental  Technology 

18     ,   and  Professions  Delivery  Systems; 

14  (7)  the  National  Bu;ea*  of  Standards;  or 

15  (8)  the  National  Technical  Information  Service 

16  \   and  the  Patent  and  Trademark  Office. 

17-        (e)  .The  Assistant,  Director  for  the  National  Bureau  of 

18  Standards  shall  be  the  Director  of  tho  National  Bureau  of 

19  Standards.  v 

20  COUNCILS      ,  . 

21  Sec.  10.  (a$ouncils  shall  be  appointed  by  the  Director, 

22  with  advice  from  tho  Assistant  Directors,  to  serve  as  inde- 

23  pendent  public  advisory- bodies  .to  tho  Diroctor  and  the  indi- 
21  vidunl  offices  of  the  Foundation.  , 

•  ''I 
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1  (b)  Council  membelrs  are  to  represent  a  wide  cross  sec 

-  2  tion  of  United  States  society  including  experts  in  the  matters 

8  considered  by  the  Office  to  be  advised,  general  consumers, 

4  labor,  industry,  academia,  ^ie  public  and  private  sectors,  the 

5  professions,  and  science./ 

-6  (c)  The  Councils,  in  response  to  requests  from  the  Di- 

7  rector,  Assistant  Director  or  on  questions  raised  on  their  own 

8  initiative,  shalNinv'estigate  and  deliberate  on-the  direction  of 
8*  tfie  long  term  and  basic  policies  addressed  by  the  Foundation 

10  and  its  officers,  compatible  with' the  interests  of  the  public. 

11  The  Councils  shall  ^rve  as  deliberative  public  forum^  for 

12  current  and  future  important  national  policies. 

13  (if  The  Council  for  Policy,  Analysis  and  Assessment 

14  shall  produce  an  annual  review  of  national  needs,  problems, 

15  StuLflpportunities  with  an  analysis  of  the  progress  made  to 
.16  satisfy  tttcse  needs  including  an  assessment  of  the  perforra- 

17  ance  of  existing  public  and  private  institutions. 

18  u  (e)  Each  council  shall  include  such  committees  as  shall 
10  be  found  necessary  to  satisfy  the  purview  of  the  council. 

20  GENERAL  AUTHORITY  OP  THE  FOUNDATION 

21  Sbo.  11.  (a)  The  Foundation  shall  have  the  authority 

22  within  (he  limits  of  available  appropriations,  to  do  all  things" 

23  necessary  to  carry  out  the  provisions  of  this  Act,  includyig 

24  but  not  limited  to,  the  authority— 

♦  * 
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(1)  to  establish  additional  offices  and  other  organi- 
,  zational  structures  within  tfe  Foundation; 

12)  to  prescribe  such  rules  and  regulations  as  it. 
.  deems  necessary  governing  the^nanner  of  its  oper- 
ations and  ^organization  and  personnel;  * 

(8)  to  male  sych  expenditures  as  may  be  neces- 
sary for  administering  the  provisions  of  this  Act; 

(4)  to  enter  into  grants,  contracts,  cooperative 
agreements,  or  other  arrangements  with  whatever  per- 
sons, organizations,  *  countries,  >or  other  entities  ari 
deemed  most  useful  by  the  Foundation  to  accomplish 
the  purposes  of  this  Act;  * 

(5)  to  acquire,  hpld,  or  sell  real  and  personal  prop- 
erty bf  all  kinds  necessary  to  carry  out  the  purposes  of 
this  Act; 

(0)  to  receive  and  use  funds  and' property  donated 
by  others,  if  sueh  funds  and  property  may  be  used  in 
furtherance  of  the  purposes  of  this  Act; 

(7)  to  accept  and  utilize  the  services  of  voluntary 
and  uncompensated  personnel  and  to  provide  transpor- 
tation and  subsistence  as  authorized  by  section  0703  of 
titto  5,  United ^Sthtcs  Code,  for  persons, serving  without 
compensation;'      •  '  N 
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1  (8)  to  arrange  with  and  reimburse  other  Federal 

m  2  agencies  for  any  actiyty^^hich  the  Foundation  is  au- 

8  thorized  to  conduct; 

4  (9)  to  receive  fundB  from  other  Fe^ral  agencies 

5  for  any  activity  which  the  Foundation  or  the  other 

6  agencies  are  authorized  to  conduct;  and 

7  (10)  to  appoint  and  fix  the  compensation  of  per- 

8  sonnel  necessary  to  carry  out  the  provisions  pf  this 
0  Act, 

10  (b)  Except  as  provided  otherwise  in  this  Act,  appoint- 

11  ments  under  subsection  (a)(10)  sh^]  be  made  And  such  com- 

12  pensation  shall  be  fixed  in  accordance  with  the  provisions  of 
18  chapter  51  and  subchapter  III  of  chapter  J53  of  title  5,  United 

14  States  Code,  except  that  the  Director  may,  in  accordance, 

15  with  such  policies  as  the  Board  shall  prescribe,  employ  tech- 

16  nicfil  and  professional  personnel  and  Vix  their  compensation, 

17  without  regard  to  such  provision^,  as  is^dcemed  necessary  to 

18  carry  out  the  purposes  of  this  'Act. 

19  NATIONAL  PROFESSIONS  AND  TECHN^OOY  MEDAL 


20        Sec.  12.  (a)  There  is  hereby  established  Rational  Proi 


21  fessions  and  Technology  Medal,  which  shall  be  of  such  design 

22  and  materials  and  bear  Biich  inscriptions  as  the  President,  on 

23  tho  basis  ot%cotnmcndations  submitted  by  the  Foundation, ' 

24  may  prescribe.  - 
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1  (b)  The  President  shall  periodically. award  the  medal,  on 

2  the  ba^of  recommendations  "received  irom  the  foundation 

3  or  on  the  basic  of  other  such  information  and  evidence  as  is 

4  dertned  appropriate/  to  individuals  who  in  the  President's 

5  judgment  are  deserving  of  special  recognition  by  reason  of 

6  their  outstanding  contributions  to  the  promotion  of  the  pro- 
7,  fessions^  technology  and  technological  manpower  for  the  im- 

8  provement  of  the  economic,  environmental  or  social  well- 

■  /  *  \  " 

9  being  of  the  Unitedt8tates.  * 

10  (c)  Not  fewer  than  three  nor  more  than  twelve  individ- 

11  uals  shall  be  awarded  the  medal  in  any  one  calendar  year. 

12  (d)  The  presentation  of  the  award  shall  be  made  jjy  the 

13  President  with  such  ceremonies  as  may  be  deemed  proper. 

4 

14  COORDINATION  OF  PROGRAMS 

15  Sec.  13.  (a)  The  Director  shall  insure  that  all  programs 

16  of  the  Foundation  are  coordinated  with  other  programs  of  the 

17  Federal  Gtfvernment,  with  the  private  sector,  and  with  the 

„  .     ■  ■% 

18  State  and  local  government  programs. 

19  (b)(1)  A,  standing  Nationak  Foundation  Coordinating 

20  Board  comprised  of  five  members  from  each  National  Foun- 

21  dation  (NPTF,  NSF,  NFAH)  Board  shall  be  appointed  and 

22  shall  meet  at  least  twice  a  year  to  provide  recommendations 

23  to  improve  the  collective  effectiveness  of  Jju^ three 'founda- 

24  lions  in  the  national  intcrest>^— • 
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1  (2)  To  the  greatest  extent  feasible,  extramural  basic  re- 

2  search  fields  which  the  National  Professions  and  Technology 
-^Foundation  wishes  to  supporfshaH  be  supported  tjiroufch  the 

44  National  Science  Foundation  prograrpfr^by  transfer  of  funds  to 
5 H  the  Science  Foundation.  %  > 

6  (8)  The  Foundation  shall  coordinate  studies  in  societal 

7  value  systems  and  ethics  with  thq  applied  humanities 

8  programs  of  the  National  Foundation  on  the  Arts  and 

9  Humanities. 

10  (c)  The  Foundation  shall  coordinators  small  business 

1 1  activitio|  fully  with  those  of  the  Small  Business  Administra- 

12  tion  and  shall  not  conduct  any  small  ^business  program  which 

13  the  Administrator  of  the  Small  Business  A^ministratio^  finds 

14  to  ^e  duplicative  of  that  Administratioij>furogram8. 

15  f*  (d)  The' Foundation  is  authorized  and  directed  to  provide 

16  assistance  to  the  Office  of  Science  and  Technology  Policy 

* 

17  upon  request. 

L8  8CHOLAR8HIP8.  AND  GRADUATE  FELLOWSHIPS 

0 

19  '     Sec.  14.  (a)  The  Foundation  may  award  scholarships 

20  and  graduate  scholarships  for  the  study  of  the.  public 

21  professions. 

22  (b)  Any  scholarship  or  graduate  fellowship  awarded 
28  under  subsection  (a)  shall-**-  « 
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1  (1)  be  for  use  at  any  educational  institution  select- 

2  ed  by  the  individual  receiving  such  scholarships  or 
8        graduate  fellowship; 

4  .  (2)  be  made  only  to  citizens  of  the  United 

5  :     and  ' 

6  (3)  be  made  on  the  basis  of  ability. 

7  repObtb 

8  Sec,  lB;  (a)  The  Foundation  shall  transmit  a  report  to 
0  the  President  for  submission  to  Congress  not  later  than  one 

*  10  year  after  the  Boardf  has  been  duly  organized  and  each  odd 

11  numbered  year  thereafter,  Each  such  report  shall  contain' a 

12  detailed  statement  of  the  activities  of  the  FouifchUion  and  the 

13  important  national  policy  issues  and  emerging  problems  and 

14  opportunities,  along  with  the  Foundation's  recommendations 

15  for  such  legislation  or  other  action  deemed  appropriate. 

16  (b)  In  addition  to  reports  required  by  subsection  (a),  the 

17  Foundation  shall  make  any  study  or  report  ordered  by  either 

18  House  of  the  Congress,  by  any  committee  of  either  Ho\*se,  or 
19,  by  ahy  joint  committfcc  of  the  Congress. 

20        (c)  At  the  request  of  either  Ause  of  the  Congress,  of 

S>1  any  committee  of  either  House,  or  of  wny  joint  committee  of 

22  the  Congress,  the  director  oMhe  Foundation  shall  furnish 

23  "such  House  or  committee  with  such  assistance  or  information 

■  '        '  v 

24  as  it  may  request, 
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2  \ Sbc.  16.  (a)  The  pircctor  may  exercise  -any  authority 

S  available  by  law     the  Secretary  of  Commerce  with  respect 

4  to  any  dhtity  transferred  by  rffcbtion  5(c)  and  the  actions  of  the 

5  Director,  in  exercising  such  authority  shall  have  the  same 

6  force  ind  effect  as  when  exercised  by  stich  Secretary.  , 

7  (b)  At  any  time  more  than  one  yea^after  the  date  ^ 
>8  enactment  of  this*Act,  the  Director,  with  the'approval  of  the 

9  Board,  may  allocate  or  reallocate  functions. among  the  orga- 

•  10  nizational  compenents  of  the  Foundation  and  may  Establish; 

"  < 

*  11  consolidate,  alter,  or  discontinue  such  components  as  may  be 

t 

12  necessary  or  appropriate.  * 

18     / (c)  Th^i  Director  may  establish,  alter,  discontinue  or 

14  maintain  such  regional  or  ^ther  field  offices  as  the  Director 

■  ' 

15  may  find  necessary  or  appr6priate  to.  perform  the  functions  of 

16  the  Foundation. 

17  (d)  The  Directoir  may,  wh^n  authorized  ir^an  appaopr^ 

18  ation  Act  in  any  fiscal  y^ar,  transfer  funds  frqhn  opfe  appropri* 
l\  ation  to  another  within  theFCui^  Ao  /ppro- 

20  priation  for  any  fiscal  year  shall  b$  ditbfer  increased  or  de- 

21  creaaed  pursuant  to  this  subsection  by  more  than  5  per 

22  centum  andMriQ  such' transfer  shall  result  in  increasing  any 
28  such  appropriation  above  the  amount  authorized  to  be  appro- 
h\  priated  thcrcfor#  ^  * 

< 
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1  (e)  Chapter  53  of  jjjtle  5,  United  States  Code,  is 

2  amended —  * 

8  •  (1)  iby  adding  at  the  end  of  section  5813  the  fol* 

4  losing  new  paragraph: 

5  "ftirectdki  National  Professions  and  j Technology 
0  '    Foundation";                                  y  ^ 

7  and  t*y                        '  fc 

8  (2)  by  adding  at  the  end  of  section  5814  the  fol- 

9  lowing  new  paragraph: 

10  ^Deputy  Director,  National  Professions  and  Tech- 

11  /  nology  Foundation".  ^  «r 

12  .  -  (f)  Section  10  of  the  Stevenson- Wydler  Technology  In- 

*  . 

13  novation  Act  of  1980  is  repealed.  1  k 

14  V   .  AUTHORIZATION  OF  APPROPRIATION 

15  Sec.  17.  (a)  There  is  hereby  authorized  tabe  appropiv 

16  ated  to  the  National  Prgfessions  and  Technology  Foundation 

17  IWli^fi£cji>5fear  1984 ,  for  the  following  categories:  \ 

18  (1)  Office  of  National  Policy,  Analysis  and  Assess- 

19  raent,  $20,QpQ,000;  • 

20  (2)  Office  of  National  Programs,  $200,000,000;  ' 

21  .  (3)  Office  of  the  Professions,  $250,0&,000; 

22  .*  (4)  Office  of  Human  Resources,  $100,000,000; 
<23  (5)  Oificc  of  Small  Business,  $40,000,000;.  * 
/24  (6)  Office  of  Intergovernmental  Technology  and 

25  Professions  Delivery  System,  .$40,000,000; 

'  *      .'  '                 '    ,   "  •'  (    '               •  • 
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(7)  National  Bureau  of  Standards,  $150,000,000; 

(8)  National  Technical  Information  Service-  and 
the  Patent  and  Trademark  Office  of  the  Department  of 
Commerce,  $80,000,000; 

(9)  National  Cesign  Council,  $107000;OO0;  and 

(10)  other  purposes  of  this,Act,  $9,000,000. 


s 
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APPLIED  SCIENCE  IS  PURE  NONSENSE 
IN  MYOPIC  BRITAIN 

(The  T1n>es  Higher  Education  Supplement  19.3.78% 

I*  have^prevlously  argued  In  The  T1mes(August  29,  1975)  that  £r1ta1n 
has  a  tendency  to  bias  debate  about  cultural  Issues  away  from  considering  the 
production\of  useful  artifacts  and  towards  the  fine  arts,  knowledge  and 
science.  ' 

Lord  Clark's  book  Civilisation  Illustrates  this  trtfid.    Although  he 
ddH^ts  that  y»e  useful  arts  are  essential  for  his  Idjpa  of  the  civilized  life 
hl^  treatment  Implicitly  denies  this  view.    The  potter  and  ironmaster  are 
forgotten,  even  though  they  are  essential''  supporters  of  the  painter  and 
architect. 

Responses  and  classifications  of  this  type  are  peculiar  to  a  culture 
dominated  by  the  English  language,  and  have  helped, to  generate  a  state 
of  mind  in  wh1ct»  the  useful  Is^devalued  in  Importance.    The  dreaming  towers 
o|  the  Academy  reinforce  the  view,  adopting  the  bizarre  potion  of  "applied 
science",  which,       the  very  phrase,  Implies  the  seamier  side  of  "pure  ^ 
science".  -  • 

In  other  European  countries,  , the  classification  and  Implied  relative 

importance  of  parts  ofUhe  cultural  and  sub-cultural  jungle  look  quite 

different.    Iri  Germany,  for  Instance,  If  the  man  on  the  Ousseldorf tram 

*  **"  * 

M  heard  talking  of  differences  between  the  "two  cultures",  the  assumed 

split  Is^varlably  between  Lechnjk- -making  useful  objects— and  the  rest. 

More  commonly  however  there  Is  a  three-way  separation  Into  Kunst, 

WHsenschaft  and  Technik— aVt ,  a  broader  conception  of  science  than  our 
J  

norma)  one,  and  manufacture—Which  form  the  subject  of  this  article.  There 
are  throe  main  points  to  be  made.    First,  the  continental  conception  banishes 
a  lirltish  nonsense,  whereby  history  and  sociology,  both  studies  of  man  In 
society,  ciin  have  crept  Into  separate  cultural  cantps,  , 
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To  the  University  Grants  Committee  und  to. those  who  think  as  tts  . 
system  of  classification  provoker ^^story  (or*at  least  the  teaching  of 
it)  is  part^of  the  "arts";  sociology,  is  part  of  ""social  studies".  *In 
Germany,  in  contrast,  both  are  unashamedly  part  of  Wissenschaf t,  the 
scientific  approach  to  knowledge.  *  Geography,  an  "art",  subject  tp  ttve  UG.C, 
sensibly  becomes  a  German-style  "science", 

Second,  the  K-W-T    cultural  system  reflects  a  lortg-existi  ng  pattern,  of 
separation  In  higher  education  in.Germany,  and  in  those  many  countries 
which  have  followed  Germany.    Wissenschaft  includes  all  the  topics  taught 
in  the,  classical  universities. 

TeCnn.iJc  in  contrast,  has  generally  been  taught  in  EurQpe  in  separate 
technical  universities,  quite  outsideNthe  classical  universities.  Kuns_t, 
the  fine  arts,  has  been  taught  In  a  nunber  of  separate  schools  and  conser- 
vatories. Sweden  has  its  cultural  shrine;  and  no  one  with  a  university 
background  is  a  German-style  "arts"  graduate.  *  * 

A  third  point  Is  that, as  already  implied*  Wissenschaft,  including 

all  formally  expressed  knowledge,  Is  qui^e  different  from  out  first 'meaning 

of  "science".,  which  makes  "pure  science"  much  the  same  as  natural  '.science/ 

Indeed  in  another  sense,  Wissenschaft  denotes  a  method,  the  empirical 

approach  to  knowledge  of  a VI  sorts,  and  Is  not  uniquely  connected  with 

natural  events.  • 

..  Any  system  of  classification  tends  to  have  its  anomalies;  especially  one 

which  attempts  to  group  together  very  diverse  elements.    One  in  the"  K.-W-T. 

system  is  that  a  piece  of  creative  writtng  in  fiction  is  included  within 

Kuntt,:  whereas  literary  criticism  Is  classed  as  "science"  and  part  of 

Wissenschaft.    So  the  novels  of  JW  Austen  are  found  on  quite  different 
1 

shelves  from  their  appreciations. 
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TKe  mast  obvious  different*  between  tjn^0<^tinentai  and  the  English- 

language  systems  vis  that  the  very  ^xlStence^  Technlk  separates  natural 

science  from  the  useful  arts.    It  ajso  cJIgni  fles  manufacturing  as  an  aim 
i  4 

which  Is  important  without  reference  to  the  norms  of  "science"  or  "art". 

The  English  habit  af  calling  engineers  "scientists"  1s  therefore  both 
astounding  and  meaningless  to'the  typical  European.    So  1s  (he  English- 
language  idea  of  a  ''sVience-pol  1  cy which  tends  to  Include  elements  of 
so-called  "applied  science".  7hosew1th  Nobol  prizes  in  .physics  or  biology 
are  less  likely  to  be  heeded  on  topics  'of  manufacturing  in  Germany  than  1n 
Britain.  „ 

To  an  anthropologist  the  Idea  of  culture  1s  closely  bound  up  with  the 
skills  in  the  useful  arts.    Did  this  particular  people  know  how.  to  .fashion 
metals?   Could  they  cul/tivate  the  land?   What  sort  of  tool's,  had  they  devel- 
oped?   Groups  and  civilizations  become  known  by  the  useful  artifacts*  which 
they  left  itjilnd:  Stone  Age,  Bronze  Age,  the  pottery  Neolithic  Age. 

Given  such  acknowledgement  of  a  social  and  cultural  pVeoccupatlon  with 
the  useful  ♦  should  present  societies  be  classed  1n  a  different  way?  Or  has 
something  happened  so  significantly  cultural  development  that  other  main 
indicators  should  be  used?  For  1 t^can  bt  argued  that  increased  living  stan- 
dards in  the  present  developed  world  make  it  more  senslble'to  think  of 
^  these  cultures  differently  from  more  primitive  ones,  and  the  ensuing  s 
argument  can  therefore  be  framed  1n  two  alternative  Ways. 

First,  assuming  that  the  approach  of  anthropologists  Is  still  appllcabl 
and  that  there  has  beejVno  substantial  break  In. cultural  development,  the; 
English  language  treatment  of  cultural  and  subcultural  %eas  1s  not  only 
myopic;  1s  it  rockiest. 

'it  is  myopic  because  it  assumes,  through  Us  dogged  Insistence  on  an 
'"applied  science"  reading  Of  the  process  Of  continental  Technl&i  that 
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technical  change.-lsNnflmately  conWn*d  wi  th  changes  1n  the  use  of  knowledge 
of  natural  science.    Evidence  from,  case  studies  indicates  that  this  is  not 
the  case.  *  ' 

(       The  "applied  science"  conception  is  reckless  because  It  assumes  quite 
wrongly,  th'at  thfcse  who  have,  the 'boffins  afso  have  the  power.    In  truth, 
possession  of  scientific  knowledge  simply  does  not  transmit  easily  into 
econoUc  and  industrial,  strength.  .  <, 

Thj?  alternative  position  assumes  that  there  hasten  a  major  break  in 
cultural  deve1opment^bin*where,*say,  between  the  eighteenth  century  and* today. 
4*    What,  therefore,,  r^akes  our  Engl  Ish-ldiiguage  cul  turdl  analysis  so  ifiept I 
and  the  European  K-VI*1f  system  more  suitable  than  ours?   The  answer;  again 
lies  with  Techrjlk  and 'the  *ri7lculous  En/l  1  sh-language  Idea  of  "applied  "r 
science"  hallowed  In  JgC  usage,  ' 

Jhe,  "applied  sqlfr/ice"  Idea  \i  misleading  for  at  least  four  reason^,  r 
It  Impllf^,  erroneously,  thalt  there  can  be  a  matched  idea  known  as  "pure  * 
sci^nce^U^  in^lles,  easily  erroneously,  that  the  manufacture  of  useful 
products  can  be  character^  *ed  ms  the- use  of  natural  science  in  a/praoticai 
setting.    It  degrades  a  nufnber  of  important  functions  In  industry.  rAntf.tt-. 
misinforms  outs iders  about  these  functions.  ') 

The  idea  of  purify  denotes  some  sort  &  measure  of  applicability  or  * 
utility  in  practice.    However4,  there  can  never  be  any'body  of  "pure  science" 
in  vthese  terms,  since  all  knowledge  Is  potentially  applicable  and  useful,  and 
no  one  can  ever  b*e  sure  when  a  particular  piece  pf  knowledge  is  used,  ' 

Even  thd  phrase  Vappl ied,  science"  1s  a  misleading  concept.    If  U 
means  part  of  Technik,  the  manufacture  of  useful  artifacts,  it  is  wrongly 
nair^d.    The  one  feature coupon  to  all  scientific  work' is  that  Us  main  output 
takes  the^fonn  of  knowledge;  whereas  work  within  Jjichnjjt  has  as  its  goal  a  pro 
duct  or  process .  *  - 


If  "applied  sconce".  Is  nWantto  describe,  sclentl f  1  c  work  undertaken  In 
^rder  to  be  applied  In  manufacturing  or  In  other  practical  situations,  It  Is 
wrongly  namid  for  the  reason  argued  above,  Jhvt      no  contrasting  body*of 
"pure  science."    So  all  scientific  knowledge  Is  "applicable  science"  and 
there  Is  no  meaningful  contrast  between  "pure"  and  "applied", 

Tt)e  other  throe  points  can  be  dealt  with  briefly.'  First,  almost  all 
empirical  Investigations  of  Industrial  Innovation  (major  changes >1n  product  or 

f 

process)  indicate  that  Innovation  Is  not  typically  the  resalt  of  new  use  of 

knowledge  derived  by  natural  science. 

New  artifacts  tend  t^  derive  directly  from  older' artifacts,    The  vigour 

and  determination  of  individuals.  Is  jfeual ly  a  more  Important  factor  Influenc- 

•  *»  *■ 

Ing  success,  than  any  connexion  with  science.   Besides  th1s»  general  technl-.  * 
cal  change,  continuous  rather  than  consisting  of  discrete  steps,  Is  even  less 
Influenced  by  changes  within  natural  science. 

The  adoption  of  the  "applied  science"  construct,  Impossible  In  the 
European  K-W-T  system.  Is  based  on  a  connexion  between  natural  science  and 
.manufacturing  which  does  not  exist,   it  therefore/JIstorts  the  generaj  and 
lay  understanding  of  the  manufacture  of  useful  artifacts,    In  particular  It 
helps  to  devalue  the  assumed  Importance  of 'production  and  product  design  1n 
the  manufacturing  context,  '  v  • 

Thus,  even  If  the  Vlctortans  were  right  about  cultural  development, 
wt  are  wrong  to  neglect  the  TecbnjJ^  idea  and  adopr"appl1ed  science"  • 

•  «> 

instead,  purely  on  the  grounds  that  the  latter  Idea  Is  a  nonsense, 

In  my  earlier  paper,  I  mentioned  the  English  recumfcent  hero.    To  the  , 
intellectual  this  is  a  Keynes  lying  in  thj^s  bath  successfully  phoning  his 
stockbroker;. to  other  English  people  And  to  most  foreigners,  an  aristocrat 
.   With  his  etyiortfess  ease. 
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A  hero  of  this  type  \i  typically  someone  of  great  achievement  and 
distinction  who  has  not  had^tp  work  hard  for  1t.    The  workshop  of  effortless 
ease  1i  a  Victorian  hangover  and  longlastlng  Enqlish  mirage  for  prosperity 
and  success.    No  desert  Bedouin  ever  saw*  a  goal  so  beguiling,  so  diverting,  and 
so  capable  of  his  total  disorientation, 

Oxbridge"  M^h  tables  seem  to  be  the  shrine  for  Bri^s^  cultural  discus- 
sion.   Those  who  live  there  fn  the  cultural  box  called  "science,"  by  adopting 
the  foolish  and  Inaccurate  "applied  science"  construct,  have  allowed  the 
average  Briton  to  Imagine  that  he  can  obtain  a  form  of  material  salvation 
by  science,  rather  than  by  1 ntel 1 1  gent  effort.  *  f 

In  the  continental  European  way  of  thinking,  this  Is  Impossible.  Neither 
moonshot- nor  transistorised  coflminl cation,  nor K1ndus trial  progress  Is  much 
concerned -wl  th  "science."    Each%  to  do  with  Ttfchnlk,  wh Ich i  the  ^cademy  In 
Britain  does  not  really  want  to  know  about. 

■  Those  in  the  high  table  "arts"  box  have  accepted  some  of  thesclentlsts' 
assumption.    To  them  ''art"  Is  superior  to  "science,"  slnt*  It  provides  more 
scope  for  Individual  flair  and  creativity.    Nodding  to  the  scientists,  the 
arts  man  notes  that  there  are  two  par'ts  to  the  other  side  of  the  gulf.  And 
"pure"  provides  more  of  a  challenge  that  "applied":  everyone  1n  the  Cavendish 
agrees  about  that. 

i 

It  is  well  known,  so  thevargument  goes  on  that  thdse  wUhln  the  "science" 
box  who"  are  not  up  So  plumftlng  the  great  secrets  of  nature  are  consigned  to 
detailed  problems  or  nuts  and  bolts  of  far  lesser  Importance.    Do  not  shout 
too  loud  about  it,  the*  "arts'*  people  do  on;  but  Lord  Clark  1s  right.  Art's* 


pYoduct  is  what  man  is  sensibly  most  proud  of,  as  11  forms  the  major, part  of 
his  heritage, 


ERIC  ^W 
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..This  archetypical  English  "arts"  line  of  reasoning,  neat  but  misleading, 
istat  the  best,  and  on  the  second  assumption  of  this  paper,  a  foolish  Incanta- 
tion by  those  who  congratulate  themselves  for  having  avoided  Involvement  with 
,the  drudgery  of  physics  or  manufacturing.  * 

At  the  worst,  and  on  my  first  assumption,  it  Is  the  foundation  of  the  slow 
'        suicide  of  Ci;group:    a  sure  way  of  how  not  to  succeed  as  a  nation  without  ' 

really  tryinq  to  disgpver  why.  Any  grasp  of  the  Jechnljt  conception  would  help 
in.  this  discovery. 

MICHAEL  FORIS      .         •  ■  1  « 


*  • 
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Mr.  Waushkn.  Well,  thank  yf>u  very  much,  Dr.  Rosenstein. 
That's  a  powerful  statement  and  it  certainly  rings  a  lot  of  bells  in 
.  my  reaction  to  what  1  have  seen  in  Pittsburgh,  in  any  event,  par- 
ticularly in  terms  of  adversary  relationships  between  parts  of  our 
economy  that  have  to  function  together  and  in  the  inability  of 
present  Government  mechanisms  to  function  in  an  inclusive  fash- 
ion. I  wanted  to  also  say  how  positively  I  respond  to  the  idea  of 
someplace  where  all  these  questionH  will— where  responsibility  to 
-  at  least  ask  all  these  questions,  including  what  happens  to t  the 
,  people  . if  you  do  nothing,  are  asked  and  where  some  responsibility 
is  felt.  I  often  think  that  we  prider  ourselves  on  the  change  that  our 
society  goes  through.  I  think  particularly  of  the  agricultural  sector 
where  We  point  with  such  pride  that  we  now  produce  more  than  we 
used  to  with  only  2  or  3  percent  of  our  population  compared  to,  in 
historical  terms,  where  70  and  80  percent  of  our  population  were 
on  the  farms.  But  nobody  really  asks  the  question:  What  happened 
to  those  people  in  that  process  of  change?  Por  some  it  worked  out 
#  and  for  some  it  didn't  work  out,  and  for  those  that  it  didft't  work 
out— largely  in  the  center  cities  of  America— we  have  created  by 
not  asking  that  question  that  I  see  your  suggestion  as  a  foundation 
at  least  leading  us  to  ask,  we  have  created  dramatic  social  prob- 
lems that  threaten  literally  the  lives  of  the  people  we  care  about 
the  most,  which  is  our  children.  So  I  really  want  to  underscore  that 
aspect  of  your  testimony  and  I  find  it  strong. 

I  would  like  to  reqogni^  the  other  members  on  the  panel  for  any 
thoughts  and  concerns.  Mr.  MacKay? 

Mr.  MacKay.  Dr.  Rosenstein,  what  you  are  suggesting  basically 
is  that  we  broaden  our  time  frame  and  look  a  little  ffirther  ahead 
while  we  are  looking  at:  basic  questions  like  whether  the  Govern- 
ment should  confine  its  interest  to  basic  science.  You  are  saying 
that  structurally  we  doh't  have  a  mechanism  to  enable  us  to  adapt 
to  the  world  that's  coming  at  us. 

Dr.  Rosenstein.  It  may  frighten  us  and  we  may  not  want  to  look 
ahead,  but  J  think  if  there  is  any  element  in  our  society  that  has 
both  the  resources  and  the  responsibility  for  anticipating  not  only 
problems  but  opportunities,  that  responsibility  lies  within  the  Fed- 
eral Government. 

We  spend  hundreds  of  millions  of  dollars  gathering  information, 
as  the  (trace  Report  shows,  in  a  totally  ineffective  fashion.  If  we 
would  just  take  the  same  resources  and  organize  them  toward  an 
international  and  domestic  data  base  concerned  with  all  facets  of 
our  society,  including  our  industrial  competence,  and  then  make  ' ' 
this  readily  available— which  is  easily  within  the  capability  of  our 
f  technology— we  could  save  hundreds  of  millions  of  dollars  and  the 
Government  could  provide  a  service  to  our  society  which  would  be 
.  of  incalculable  value.  / 

Mr.  MacKay,  You  have  in  your  written  testimony  a  paper  enti- 
tled "Policy  Versus  Planning/'  and  you  are  basically  suggesting 
that  wo  develop  a  mechanism  which  would  enable  us  to  go  through 
a  process  of  concensus-based  policy  setting,  Is  that  correct? 

Dr  RotfENSTKiN.  Kxactly: 

Mr.  MacKay.  That  would  be  different  from  Government-imposed 
planning.  -■■  ■* 
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Dr.  Kohknhtkin.  You  put  your  linger  on  the  basic  problem  and  • 
the  only  way  out  thalrl  hoc.  I  teach  something  called  systems  engi- 
neering, and  I  don't  want  to  attempt  to^define  it,  but  in  anything 
as  complicated  as  our  society,  if  you  start  thinking  about  central- 
ized planning  and  the  time  it  takes  to  gather  your  information, 
assess  your  alternatives,  devise  your  plans  in  infinite  detail  and 
then  educate  and  disperse  those  plans,  you  quickly  find  out  the  dy- 
namics of  our  society  overrun  any  practical  time  scale  you  might 
have.  Centralized  planhing,  whether  you  like  it  or  not,  is  simply 
impractical.  In  a  society  that's  changing  as  fast  as  ours  is,  the 
plans  will  be  obsolete  before  they  can  be  implemented. 

But,  on  the  other  hand,  if  there  are  no  policies  that  the  society 
can  look  tq^then  no  one  knows  what  to  do  and  they  instinctively 
fall  back.  I^t  me  give  you  an  example  of  what  I  mean:  Many  of  my 
friends  who  are  very  conservative  people  have  been  hurt  by  the 
policies  of  the  Government  which  restricted  inflation.  Now  all  of  us 
are  against  inflation  Jput  I  observe  this  sort  of  thing  happening:  In- 
flation went  on  for4ib  long  that  conservative  people  on  salaries, 
with  fixed  incomes,  began  to  realize  that  their  savings  were, being 
eroded.  Their  real  income  was  becoming  less  and  less,  and \they 
frantically  began  to  look  for  something  to  do.  They  were  up  against 
-sit.  V 
JMany  of  them  realized  that  what  was  continuing  to  stay  up  with 
the'  inflation  was  real  estate— houses,  apartments — so  they  bought 
inflated  real  estate  at  high  interest  rates  with  the  expectation  that 
the  inflation  would  let  them  pay  it  off.  Now  the  moment  the  infla- 
tion was  cut  back,  these  people  were  hurt  and  hurt  very  badly. 
Many  of  them  have  lost  their  investments  entirely. 

You  might  say,  were  they  foolish?  No,  they  weren't  foolish.  Were 
they  speculators?  No.  They  were  trying  to  build  a  hedge  to  main- 
tain their  life  savings,  to  retain  what  they  had,  and  this  shift  in 
policy-  even  though  we  all  admit  it  was  a  desinfble  shift— left 
them  stranded<^Wj?^t  I  am  saying  is,  you  can  even  have  bad  policy 
so  long  as  it*H  cprfsistent.  The  society  itself  will  do  the  planning  ifit 
only  knows  w+iat  the  game  policy  is. 

Mr.  BokiujKkt.  Doctor,  if  I  may  just  interject  a  minute,  if  my  0oU 
league  will  yield,  you  have  just  eloquently  outlined  the  problem  of 
the  American  farmer. 

Dr.  Kohknhtkin.  I  imagine,  yes.  Yes,  as  the  policy  changes,'  what 
does  he  plant? 

Mr.  MacKay.  Well,  let  me  just  carry  that  forward  a  little  Vufr^ 
ther.  if  I  might.  Let  s  take  the  problem  of  the  American  farmer  or 
the  problem  of  the  American  clothing  worker,  and  let's  assume 
that  what  you  outlined  briefly  in  the  manufacturing  of  clothing  is 
a  proxy  for  a  lot  of  other  industries.  I*»t's  say  you  said  let's  work 
on  the  basic  problem  from  nOw  to  the  year  2()0().  The  real  basic 
problem  is  that  we  better  develop  some  meaning  in  life  besides  vo- 
cation. 

Dr,  Kohknhtkin.  Well,  if  only  HM  perceht  of  the  working  popular 
tion  is  engaged  in  manufacturing,  and'we  presume  the  others  are 
g(Jt?*  to  have  an  income^l.have  unlimited  faith  in  the  ability  of 
the  human  animal  to  think  of  new  ways  to  syrve  himself.  In  other  j 
words,  I  don't  think  it's  bad  or  unusual  that  the  services  are  ex- 
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paneling,  if  we, ran  only  have  a  manufacturing  base  upon  which  to 
build.  v 


I  alluded  to  the  ultimate  problem  of  this  century.  The  ultimate 
problem  in  thisicountry  is  how  do  we  maintain  a  manufacturing 
base  adequate  to  provide  enough  value  added  to  offset  our  import 
requirements,  If  we  don't  provide  enough  value  added  in  our  manu- 
facturing base,  then  it  is  inevitable  that  to  balance  the  equation, 
the  standard  of  living  of  the  country  must  go  down.  There  is  no 
way  to  keep  importing  more  than  you  export  in  values.  There  ia 
ultimately  going  to  be  a  leveling  of  the  count,  and  that  usually, 
comes  by  reducing  wages  and  reducing  income. 

We  need  some  mechanism  to  look  ahead,  to, look  at  those  areas 
in  which  we  have  or  can  create  a'  comparative  advantage  and  in 
which  we  can  retain  a  manufacturing  base,  it  doesn't  make  any  dif- 
ference what  that  area  is,  whether  it  is  smokestack  or  high  tech- 
nology, but  there'is  going  to  have  to  be  some  comparative  advan- 
tage which  will  allow  us  to  retain  it.  The  mobility  of  technology  *" 
and  money  is  so  great  these  days  that  I  can  have  a  factory  set  up 
in  Malaysia  building  the  most  complicated  electronic  gear  within  1  , 
year,  and- that  never  existed  before.  Its  a  ver?  difficult  problem 
and  I  think  the  longer  we  spend  not  addressing  this  problem,  the 
longer  it  is  going  to  take  us  to  climb  out  of  the  hole  iri  which  we're 
descending.  *  * 

-Mr.  MacKay.  But  one  of  our  major  ^oblems,  "our"  being  the 
people  sitting  on  this  side  of  the  table,  who  represent  the  people  of 
America  in  every  sertse  of  the  word-^we  represent  their  fantasies,  .  „ 
their  ignorance,  we  represent  everything— and  one  of'our  major 
problems  is,  we  don't  yet  have  a  common  perception  of  that  reality 
which  you  have  outlined,  and  therefore  we  are  caught  up  in  these 
irrelevant  political  arguments  about  imlup.trial  policy  and  Govern- 
ment planning.  We  heard  the  Assistant  Secretary  of  Commerce 
yesterday  just  simply  say,  "We  ai<t?  against  ,it— it  is  our  position 
that  all  of  this  is  wrong  because  it  represents  Government  plan- 
ning." Therefore,  you  know,  ir's  like  I've  got  a  set  of  blinders  on 
and  unlt>ss  you.  can  move  the  future  to  directly  in  front  of  me,  and 
if  I  happen  to  be  looking  backward,  then  they  are  basically  saying 
"We  are  not  going  to  discuss  anything  that's  outside  of  this  set  of 
blinders  we've  got  on."  What  you're  saying  is,  "Well,  wait  a 
minute.  That  set  of  blinders  no  longer  encompasses  the  reality  of 
the  world." 

Dr.  Kohknstkin.  I  think  it's  true.  The  dbta  seems  to  be  incontro- 
vertible, I  mean,  you  just  take  case  after  case  to  show  industry 
after  industry  that  is  either  gone  or  wilfgo  as  the  garment  indus- 
try will  go,  unless  we  recognize  it  and  put  a  mechanism  in  place  \ 
which  enables  us  to  make  cooperative  decisions. 

I  am  not  advocating  that  the  Government  plan.  1  said  earlier 
that  centralized 'Government  planning,  particularly  for  an  econo- 
my,' must  fail.  I  also  say  that  the  lack  of  consistent  national  policy 
will  ensure  failure  because  no  one  will  know  how  to  run  his  plant, 
where  to  make  his  investments,  Inless  he  knows  where  national  ' 
policy  is  going. 

At  the  same  time,  the  cost  of  playing  the  manufacturing  game  ifl 

Ruing  up.  The  cost  of  new  development  has  gone  beyond  the  capa- 
ility  of  most  individual  companies.  Japan  put  $2  billiorf  into  the 
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development  ofitheir  very  large  stalfe  integrated  circuits.  How 
many  companies  in  this  country  beside  IBM  can  invest  $2  billion  in 
a  single  development?  No  way.  The  same  problem  on  a  smaller 
scale  is  what  we're  facing  in  the  garment  industry.  I  don't  think 
any  single  garment  manufacturer  is  large  enough  to  finance  the 
D&R— development  and  research— necessary  to  develop  an' un- 
manned garment  factory,  and  yet  our  competitors  are  doing  it  and 
it's  a  reality  that  our  garment  industry  must  face  and  we  as  a 
nation  must  face  or  suffer  the  consequences. 

Mr.  MacKay.  Basically,  the  next  logical  steo  therms,  can  each 
sovereign  nation  continue  to  develop  policies  which  assume  that  it 
can  only  succeed  at  the  expense  of  others? 

Dr.  Rosenstein.  You  probably  ought  to  go  off  the  record  because 
it  sounded  like  you  were  advocating  world  government  

Mi\  MacKay.  No,  I'm  not.  Just  like  you  re  not  advocating  plan- 
ning, I'm  not  advocating  world  government,  [Laughter.] 

Dr.  Rosenstein.  Well,  I  believ^thank  you.  • 

Mr.  MacKay.  What  I  am  saying,  maybe  we  o\ight  to  get  all  the 
facts 'there  and  then  suddenly  people  might  come  to  a  consensus 
different  from  our  political  rhetoric.  * 

Dr.  Rosenstein.  I  think  that's  it,  because  the  facts  of  life  indicate 
the  world  plays  a  zero  sum  game.  What  one  nation  gains,  another 
natidn  vill  lose,  uftless  we  start  concentrating  in  each  nation  upon 

*  those  tlfkigs  that,  we  do  well. 

I  used  to,  do  consulting  down  in  Venezuela,  and  iWierican  univer- 
sities'had  gohe  down  there  and  told  th6*n  that  tley  ought  to  dp 
atomic  research.  I  wasn't  in  a  cryirtg  mood  but  if  T  were,  I  could 
have  cried  over  it.  Here  was  a  nation  that  had  some  of  the  largest 
natural  energy  resources  in  the  world,  and  we  were  advising  them 
to  take  their  brightest  people  and  put  them  in  atomic  power  re- 
search instead  or  devoting  their  energies  to  the  exploitation  of 
some  of  the  heavy  tar  "sands  that  they've  got  flown  there. 

The  time  must  come  where  we  provide  the  means  of  gathering 
enough  information  so  each  nation  can  see  what  it  can  do  best,  so 
thpt  we  can  have  a  more  efficient  world  economy.  I  don't  know 
that  we'll  live, to  see  it  but  I  think  that's  the  goal  fefr  which  we're 
ultimately  going  to  have  to  strive. 
*y>  Mr.  MacKay.  Thank  you.  This  has  been  fascinating. 

*  Mr.  Walgren.  Thank  you,  Mr.  MacKay. 
Mr.  Boehlert? 

Mr.  Boehlert.  Thank  you,  Mr.  Chairman.  We're  getting  very 
philosophical  here  this  morning.  ^\ 
*       I  think  you  were  so  correct  when  you  pointed  out  and  quoted -the 
*^Murrin  article.  Is  that  thfi  right  name? 

Dr.  Rosenstein.  Yes,  sir.  . 

Mr.  Boehlert.  Whan  he  said  in  his  article  that  meeting  thaJap 
pnese  challenge  is  beyond  the  reach  of  any  one  company  hOTe  in 
the  United  States,  of  course  that's  true.  When  we  talk  about  thf 
Japanese  challenge  we're  not  talking  about  Toshiba  or  Sanyo. 
We're  talking  about  the  total  challenge  f|om  their  government  arfd 
industry  working  cooperatively,  and  I  wbuld  agree  witft  you  that 
there  is  a  desperate  proven  need  for  more  of  a  leadership  role  in 
our  Government.  I  would  agree  with  some  of  the  administration  of- 
ficials who  have  appeared  before  our  committee. 
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You  have  given  us  more  than  food  for  thought.  You  have  given 
us,  a  whole  banquet.  Let  me  give  you  a  challenge  if  I  may. 
Mr.  Rosenstkin.  Please. 

Mr.  Boehlkht.  I'i^i  going  to  do  my  best  to  digest  and  learn  fyom 
yqur  comprehensive  statement.  * 

One  of  the  things  that  I'm  really  concerned  about— and  this  is 
going  a  little  bit  far  afield— but  I  think  your  projections  are  accu- 
rate. Ten  years  down  $he  road  I  can  see  thtise  2  million  garment 
workers  unemployed,  and  I  think  we  have  to  respond  navy  to  that 
inevitability.  For  that  reason,  I  am  going  to  take  the  liberty  of 
sending  you  a  package  on  a  bill  that  I  am  a  principal  author  of 
which  would  establish  individual  training  accounts  for  workers. 
Are  you  familiar  with  that  concept  at  all? 
Mr.  Rosenstein.  No,  I'm  not. 

Mr.  BoEHLERTvJust  let  me  give  you  a  very*brief  capsule  of  the 
concept.  We  know  that  in  the  1990*8  we're  going  to  face,  because  of 
changing  technology,  the  prospect'  of  millions  of  American  workers 
like  those  in  the  garment  industry  Who' are  going  to  be  displaced. 
*We  ought  to  start  planning  now  t<a  take  care  of  their  needs  then. 
Under  the  individual  training  account  concept— and  it  is  gaining 
some  support,  we  have  bipartisan  support  in  tbe  House — the  work* 
ers  and  the  employers  on  a  voluntary  basis  would  enter  an  ar- 
rangement under  which  the  employee  would  contribute  eight- 
tenths  of  1  percent  or  up  to  a  maximum  of  $250  in  1  year  to  an 
individual  training  account  Th^t  would  be  matched  1^  the  employ- 
er, wouljd  accumulate  and  gather  interest.  It  would  be  invested  by 
J/lfe  U.SATreasury  Department  in  high  yield  securities  until  there 
was  a  $4)l000  account  which  would  continue  to  gain  interest  bene- 
fits, antytfieri  the'  employe*  and  employers  would  stop  contribut- 

ideally  the  employee  would  never  have  to  use  that  accent 
hen  he  or  she  retired,  they  would  be  able  to  withdraw  the  contyi 
butions^plus  interest  and  use  it  for  retirement  purposes,  but  wh/en 
the  inevitable  occurs— and  it  will  in  the  lives  of  so  many  American 
workers  who  genuinely  want  to  work  but  they  are^oing  to  find/one 
day  that  they  have  got  pink  slip,  they  are  displaced  by  tecWnolo* 
gy— the  employee  can  take  and  draw  from  that  individual  training 
account  to  finance  training  in  a  skill  area  where^there  is  a  proven 
need  for  the  skill.  It's  a  qoncept  that  I  am  very  excited  about  and 
I'm  doing  my  best  to  geT&  lot  of  other  people  excited  about  if,  pnd  I 
would  appreciate  your/taking  a  look  at  the  package  you  are  going 
to  get  in  the  mail  sh6rtly  and  I  would  welcome  your,  comments,  be- 
cause we  just  have  tq,  deal  with  the  change  in  the  World  As  we  see 
it  right  now  in  an  effective  manner,  to  really  be  cohce/ned  about 
people.  ,  \Y 

Dr.  RospjysTEiN.  You  have  identified  a  critical  problem  that's 
going  tO(#ecame  even  more  critical.  I  Was  with  sqjjreoiW'the  other 
day  and  oiw  said  that  when  they  looked  at  the  people  who  are  re- 
ceiving relief,  contrary  to  fehe  mythology  there  is  a  turnover.  This 
would  indicate  that  there  are  people  who  do  lose  jobs  through  no 
fault  of  their  oWrtfwho  go  on  relief  and  who  do  require  retraining 
to  come  back  into  the  society  and  the  industry  as  fast  as  possibly 
and  we  certainly  need  a  mecnani^n  sudh  as  you  have  described. 
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Mr.  Boehlert.  Well,  you  will  be  hearing  from  me,<and  Jnvant  to 
thank  you  very  much  for  your  comprehensive  and  thoughtful  state- 
ment, v  ♦ 

Dr.  R08EN8TETN.  Thank  you. 

Mr.  Walgren.  Thank  you  very  much,  Mr.  Boehlert. 

On  behalf  of  the  committer,  we  want  to  express  our  appreciation. 
These  are  good  guides  for  us  and  stimulating  guidei,  so  we  appreci-' 
ate  your  being  a  resource  to  the  committee. 

Dr.  Rosenstein.  Thank  you  very  much. 

Mr.  Waloren.  The  last  witness  today  is  Dr.  John  Alic,  who  is  a 
project  director  with  the  Office  of  Technology  Assessment. 

Welcome  to  the  committee,  Dr.  Alic.  I  know  we  have  gone  on  for» 
longer  than  we  usually  do  with  the"  witnesses  this  morning  but 
they  have  warranted  it,  and  the  subject  matters  that  they  have 
been  concerned  with  certainly  deserve  the  attention  and  the  time 
of  the  committee,  but  know  that  your  written  statement  will  be 
made  part  of  the  record  and  in  view  of  the  time,  if  you  would  zero 
in  on  points  that  you  really  want  to  undprseore,  we  would  appreci- 
ate it  <-  . 

*  >  >. 

STATEMENT  OF  DR.  JOHN  A.  ALIC,  PROJECT  DIRECTOR,  OFFICE 
OF  TECHNOLOGY  ASSESSMENT 

Dr.  Alic.  I  will  do  that,  Mr.  Chairman.  Thank  you. 

Mr.  Chairman  and  members  0t£  the  subcommittee,  thank  you  for 
inviting  OTA  to  testify  on  manufacturing  this  morniag.  I  wiH  surn-^ 
rnatfize  Very  briefly,  focusing  my  comments  on  the  two  bills,  H.R. 
4047  dealing  with  Robotics  and  H.R.  4415,  the  Manufacturing  Sci- 
ences and  Technology  Research  and  Development  Act. 

Our  analysis  indicates  ^hat  both*  these  bills  could  help  to  set 
higher  priortyiefc  for  manufacturing  technologies  in  the  United 
States  and,  through  that,4ielp  the  international  competitiveness,  of 
many  American  industries.  We  at  OTA  have  spent  more  than  5 
years  studying  the  international  competitiveness  of  manufacturing 
industries  in  the  United  States.,  and  in  many  of  the  specific  indus- 
tries and'  ^ubsectors  of  industries  that  we  have  looked  at  we  have 
found  problems  that  can  be  traced  to  manufacturing  technologies. 

And,  as  many  of  the  witnesses  this  morning  have  pointed  out,  we 
are  entering  an  era  in  which  therp  will  be  radical  changes  in  the 
technologies  of  manufacturing,  centered  around  the  use  of  the  com- 
puter, the  use  of  robotics,  but  I  thjmk  even  more  broadly  what  we'll 
be  seeing  through  the  rest  of  the  century  is  a  reintegration  of  prod- 
uct design  and  manufacturing,  functions  that  reallv  since  the  dawn 
of  the  mass  production  era  in  the  early  part  of  tnis  century  have 
been  isolated,  at  least  in  our  larger  corporations.  The  computer  is 
helping  to  bring  these  functions  back  together.  That  is  one  of  the 
sources  of  displacement  in  the  workforce  in  our  manufacturing  in- 
dustries that  we  will  have  to  learn  to  adjust  to  and  deal  with  in  the 
years  ahead.  i 

In  other  words,  it  is  not  orily  the  production  workers  that  will  be 
replaced  by  robotics  or  other  forms  of  automated  manufacturing 
equipment;  it's  lower-line  supervisory  personnel;  it's  clerks  on  the 
factory  (loor  who  used  to  keep  track  of  production,  used  to  keep 
track  of  the  supplies  in  the  tool  crib;  expediters;  all  the  people  that 
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made  factories  function  are  finding  now  that  they  are  doing  their 
jobs  with  machines  and  that  machines— that  is,  computers  in  many 
cases— are  taking  over  more  and  more  of  the  functions  that  the 
people  used  to  dovSo  I  would  emphasize  that  it  is  not  only  produc- 
tion workers,  and  it  is  not  only  the  robot  that  is  char\giVuj^ne  face 
of  our  manufacturing  industries.  It  is  a  much  broader  change  than 
that  that  is  ahead  of  us,  and  the  source  of  this  is  the~  reintegration 
of  the  production  system  as  a  system.  v 

Now  I  have  Icteused  in  the  last  few  comments  on  theiaeople  side 
of  that  problem.  The' other  side  of  that  and  the  driving  force,  of 
course,  is  that  it  ^improves  the  efficiency  of  industry  and  carries 
great  potential  for  American  industry  to  improve  its  international 
competitiveness  and,  as  we  have  heard  this  morning,  that  is  very 
important  in  manufacturing  as  a  road  to  meeting  competition  from 
Europe,  from  Japan,  and  also  of  course  from  the  newly  industrializ- 
ing countries.  ^ 

But  I  certainly  agree  with  the  emphasis  that  Dr.  Tesar  placed 
earlier  on  the  man-machine  interface  and  human  capital,  because 
it  is  here  that  the  mqfehine  or  the  computer  and  the  people  irLthe 
factory  system  and  in  our  corporations,  In  dur  labor  markets,  come 
together.  While  the  IWoJbills  Emphasize,  justifiably,  the  systems  in- 
tegration aspect  of  manufacturing  technologies,  I  would  ur^e-that 
the  subcommittee  think  carefully  abjut  ways  of  strengthening  the 
emphasis  on  systems  integration  and  in  particular  the  emphasis  on 
bqw  people  can  interact  more  effectively  with  the  equipment  that 
wii  are  putting  into,  our  factories,  and  in  particular  how  the  alloca^ 
tion  of  responsibility  between  people  and  machines  can  be  handled. 
That  allocation  of  responsibility  js  one  of  the  keys  to  the  efficient 
functioning  of  a  production  system,  a  factory,  a  corporation,  and 
thA  is-r-if  there  is  a  secret — that  is  the  secret  k>  the  Japanese  fac- 
tories that  haVe  gotten  so  much  publicity  in  thira^ountry,  It  is  not 
the  pieces  of  technology  in  the  factories,  it  is  not  the  people  or  the 
way  the  people  are  managed;  it  is  the  whole  system,  the  way  it  is 
integrated,  the  way  it  functions. 

Its  difficult  to  encapsulate  that  in  simple  form  but  I  have  tried 
in  my  written  testimony  to  explicate  how  that  works,  and  I  have 
used  Ian  example  from  the  microelectronics  industry,  dealing  again 
with  a  very  well  publicized  episode,  the  quality  differences  in  large- 
scale  integrated  circuits  produced  in  the  United  States  and  Japan  a 
few  years  ago,  to'iry  to  illustrate  how' the  systems  aspects  of  mahu- 
facturing  and  in  particular  the  integration  of  the  design  of  the 
product,  the  design  and  layout  of  the  factory  that  makes  the  prod- 
uct, and  the  integration  of  the  people  who  are  an  intrinsic  part  of 
the  functioning  of  that  production  organization,  all  those  together 
affect  most  critically  the  output,  whether  it  is  quality,  whether  it  is 
productivity.  I 

If  I  may  turn  then  morV  specifically  to  the  two  bills,  H.R,  4047 
and  M  R  4415.  Of  course  H.R.  4047  is  the  narrower  of  the  two,  fo- 
cusing on  robotics  and  computer  integrated  manufacturing.  H.R. 
4415  is  considerably  broader.  In  general,  the  mechanisms  for  imple- 
mentation spelled  out  in  tl.R.  4047,  the  robotics  bill,  appear  prefer* 
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J  Under  H.R.  44 1 5/ the  Secretary  of  Commerce  through  thet)ffice 
|>f  the  Assistant  Secretary  for  Productivity,  Technology,  and  Inno- 
vation,  woulti  be  given  responsibility  for  grant  funding  of  research 
projects  plus  the  option  of  establishing  cooperative  R&D  programs. 
,~JThe  Department  of  Commerce,  leaving  aside  the  National  Bureau 
of  Standards,  has  little  expertise  in  technology — that's  not  a  criti- 
cism, it  simply  Hasn't  been  their  job— and  little  experience  in  oper- 
ating competitive  R&D  programs. 

H.R,  4047,  in  contrast,  not  only  provides  for  an  external  program 
review  board  but  Would  give  most  of  the  funding  authority  to  the 
National  Science  Foundation.  While  OTA  has  reservations  concern- 
ing NSF's  pa'st  support  for  technology  development— and  I  have 
touched  on  those  in  some  detail  in  my  written  statement— most  of  ' 
„  these  reservations  concern  priorities  or  funding  ^vels.  By  raising 
priorities  for  manufacturing  within  NSF,  H.R.  4047  would* avoid  at 
least  some  of  these  prc^blems.  ^  ' 

OTA's  work,  in  particular  our  recent  staff  memorandum  on  tech- 
nology development  and  diffusion,  woi^ld  indicate  that  the  best 
prospects  for  Htrengthening  the  longrun  competitiveness  of  U.S. 
manufacturing  industries  might  come  from  combining  the  breadth 
N  of  H.R.  4415  with  the  implementation  mechanisms  in  H.R,  4047.  I 
say  that  *  *  *  I  have  skipped  over  jjmanv  of  the  portions  of  my  jil^-  ' 
.  pared  statement  which  provide  the 'background  for  that  but,  in  es- 
sence, there  are  many;  many  types-of: metalworking,  manufactur- 
ing technologies  that  would  be  supported  by  H.R.  4415  which  our 
studies  of  competitiveness  indicate  \q  of  great  importance  for. 
the  future  of  American  industry. 

The  objective,  then,  could  be  a  network  of  technology  develop- 
ment and.diffusion  centers  focused  tfn  manufacturing  and  following 
the  Steyenson-Wydler  model,  though  eligible  for  continuing  Feder- 
al funding—something,  agarn,  that  our  analysis  indicates  to  be  im- 
portant and  I  have  explained  the  reasons  for  that.  Most  simply, 
this  could  be  accomplished  by  incorporating  the  list  of  manufactur- 
ing processes  and  methods  which  appears  in  section  5(a)  of  H.R. 
4415  into  H.R.  4047  with  minimal  other  changes  to  the  latter. 

In  conclusion,  let  me  note  that  it  is  too  early  to  tell  what  coming 
generations  of  integrated  production  systems  will  bring  us,  what 
they  will  look  like,  how  they  will  perform,  in  which  industries  they 
will  have  their  earliest  and  greatest  impacts,  how  they  will  affect 
our  labor  force,  our  population.  It  is  not  too  early  to  say  that  com- 
puterized design  and  production  will^profoundly  affect  the  nature 
of  work,  the  structure  of  organizations,  and  the  international  com- 
petitiveness of  American  industries. 

Given  a  world  economy  with  a  huge  excess  of  labor,  mostly  in 
lesser  developed  countries  with  low  wages  and  living  standards,  the 
United  States  has  no  real  option  but  to  rely  on  its  technological  re- 
sources to  remain  competitive,  as  Chairman  Fuqua  pointed  out  ear- 
lier this  morning.  We  will  have  to  do  this  white  finding  new  ways 
to  meet  people's  desires  for  satisfying  work  and  the  living  stand- 
ards that  Americans  expect. 

Two  or  three  decades  from  noW,  looking  back,  we  will  see  that 
./     the  changes  in  our  manufacturing  sector  have  in  total  been  sweep- 
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ing,  even  though  aa  they  come  in  real  time  they  may  seem  piece- 
meal and  incremental.  The  factory  of  the  future  will  be  visible  only 
'  with  hindsightjjut  this  is  the  way  technology  works  and  this  is  the 
context  withinTwhich  H.R.  4047  and  H.R.  4415  should  be  viewed. 
Thank  yoihT  / 
*         [The  prepared  statement  of  Dr.  Alic  follows:] 
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BEFORE  THE  v 
SUBCOMMITTEE  ON  S.CIBNCB,  RESEARCH  AND  TEcfiRbWGY 
COMMITTEE  oJH  SCIENCE  AND  TECHNOLOGY 
,U.S.  HOUSE  OF  REPRESENTATIVES 

JUNE  13,  1984 


Mr,  Chairman  ai\4  mambara  of  tha  Subcommittee ,  thank  you  for  ■ 
inviting  OTA  to  taatlfy  on  tachnological  innovation /and  particularly  on 
manufacturing.     My  atatamant  will  draw  togathar  findinga  from  a  nuabar 
of  OTA  aaaaaamanta,  eohductad  in  aavalral  programa,  aa  wall  as  our  racant 
€taff  Memorandum  "Development  and  D*ffueion  of  Conuaarclal  Tachnologiaa ; 
Should  tha  Federal  government  Redefine  Ita  Role?"    That  Memorandum 
bullda  upon  mora  thao  fiva  yaara  of  experience  by 'OTA  ataff  in  analyzing 
tha  inter national    compa  tilfivanasa  of  American  induetriee,  OTA' a  study 
ComputlrlMI  Manufacturing  Automat  ion  i  Employment.  Education^  and  tha 
Workplace,  publlahaj  In  April  o*  this  year,  aiao  baara  directly  on  tha 
aubjtcta  tha  Subcommittee  hae  aaked  OTA  to  add^eae* 

i 

I  will  bigin  by  commenting  on  tha  eignififancp  of  tachnology  — 
bo^h  product  daeignyand  procaaa  tachnologiaa  —  t$t  comp*jtitiveneee. 
No^  only  ia  tha  daveiopaettt  of  naw  tachnologiaa  —  quite  i  diffarant 
mattar  thanstha  deylopment  of  naw  aciantific  understanding      vital  for 
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maintaining-  and  strengthening  the  '  .competitiveness  o{  U.S.  industries, 
but  ao  is  diffusion  of  technology  to  American  frlrme  which  Could  use  it 
to  Improve  their  products  or^reduce  their  costs* 

OTA's  assessments  indicste  thet  low  priorities  for  Manufacturing 
technology  in  both  private Je:nd  public  sectors  have  harmefe  the 
coftpejltlysness  of  many  American  industries.    R. R«  4047 ,  the T  Robotics 
and  Automated  Manufacturing  Systems  Re ssarch  and  Education  Ac,t  of  1983, 
and  H*R»#  the  Manufacturing  Sciences  end  Technology  Research  and 

Development  Act  of  1983,  could  help  set  new  priorities  and,  through 
this,  strengthen  U.S.  competitiveness.  My  statement  will  include  a 
number  of  comments  on  these  bills."  *    ■  .  . 

INTERNATIONAL  COMPETITIVENESS r  WHEN  IS  TECHNpLOGY  IMPORTANT? 

OTA  has  ^asked  this  question  irr  a  number  of  assessments,  including 
U.S.  Industrial  Competltlveneaet  A  Comparison  of  Steel/ Electronlcst  and 
Automobiles,  published  in  1981.  and  International  Competitiveness  In 
Electronics,  issued  ldte  last  year.    Collectively,  we  at  OTA  have 
examined  industries  ranging  from  etee.l  to  pharmaceuticals ,  automobiles  * 
\o  computers.    Briefly,  technology  Is  moat  Important  when  It  penults  , 
companies  to  design  and  make  products  that  theljr  competitors  cannot 
match  or  when  it  permltay  them,  to  manufacture  relatively1  straightforward 
products  n6re  cheaply*    In  ye  are  past,    American  semicon^ucto^  f  irj?s 
witn  advantages  in  product  technologies  were  able  to  supply  integrated 
circuits  beyond  tha  capabilities  of  companies  elsewhere  in  the  world; 
New  technologies  tor  producing  galvanized  .steel  sheet,  a  veryf  differeW" 
exeraple,  hav_*  not  only  cut. down  on  corrosion  of  automobile  bodjee  but:-  .' 
liava  helped  Amerlcah  steelmakers  retain  s  Major  share  o£  one  of  thft*t.r 
more  lucrative  markets.  *  r^"  ,     " ": 

l 

In  other  cases,  technicsl  knowledge  is  secondary.    Most  consumer 
electronic  products  are  designed  snd  built"using  relatively  standardized  « 
product* and  process  technologies  —  svailable  to  cpmpaniea  in  msny  parts 
of  the  world.    Even  so,  crestive  engineering  design  can  lead  to 
successful  product  offerings.    Not  only  television  sets  but  many 
pereonel  computers  fall  in  this  category^N 

DEVELOPING  AND  DIFFUSING  COMMERCIAL  TECHNOLOGIES 
Technology  and  Science  , 

By  and  large,  technology  as  viewed  above  has  little  to  {fe^rlth 
science'.    Ce  rteinly*  scientific  research  leads  to  technologies!  advance, 
which  may  then  translate  into  competitive  advantage.    The  laser  beam  has 
been  turned  not  only  to  retinal  surgery  but  to  localized  heat  treatment 
of  valve  seats  for  automobile  engines.    Techniques  of  operation* 
research,  developed  as  msnagement  aide  for  allocating  scarce  resources  < 
during  the  Second  World  War,  now  help  minimize  inventories  in  factories." 


421 


k       >••  '  •  '  ..  . 

Sometiassk  lit  in  both  thsse  examples,  the  coupling  between  scientific 
advance  and  technological  application  Is  close*    Other  times*  It  Is 
loose/  V 

•  * 

Modest  knowledge  of  the  physics  and  .chemistry  of  surfaces  hss  not, 
'stopped  'us  from  fabricating  integrated  circuits,  utilising  diffusion 
bonding  In  aircraft  structures »  or  learning  a  grest  deal  about  the 
phenomenology  and  applications  of  chemical  catalysis*    Plainly  l 
continued  scientific  advance  will  be  Indispensable  to  the  future! 
coopetltlveneee  of  American  industries.    Just  ae  plainly ,  s  strong  * 
science  base  does  not  translate  automatically  into  competitive  success! 
If  the  Federal  Government  wishes  to  support  conperqlal  technologies,  It 
must  do  more  than  fund  aclentlflc  research* 

Government  Support  foj-  Technology  «  \ 

As  OTA  emphasized  in  the.  $taff  Memorandum  cited  above  —  excerpts 
from  which  ere  Included  as  sn  attachment  at  the  end  of  thla  statement  — 
the  U«S:  Government  Is  not  organised  to  support  technology  development 
except  through  mission-oriented  agencies  such  as  the  Department  of 
Defenee  end  the  Department  of  Health  and  Human. Services •  Indeed, 
military  RAD  praaently  accounta^or  70  percent  of  all  Federal  RiD 
spending.    While  the  missions  of  Pedersl  agencies  overlap  the  domains  of 
product  and  process  technology  within  which  much  of  American"*induatry  ' 
operatee,  theee  agenclee  have  objectives  that  msy  be  far  different  from 
thosji  of  privets  industry.    Repent  controversies  over  export  control  sre 
only  the  most  obvious  example*  ( 

e?        OTA'*  etudles  point  to  many  reasons  why  the  United  States  might  ^* 
wish  to  support  R&D  with  sppllcatlons  to  industrlsl  technology  within 
the  Psderal  Government*    Perhaps  the  most  compelling  is  this:  American 
industry  now  competes  In  a  new  internet lonal  environment,  a  world  whejfe 
technology  Is  widely  available  and  can  move  eaally  snd  quickly  serosa  , 
national  boundaries ,    Other  governments  have  recognised  the  Importance 
of  commercisl  technologies  snd  designed  programs,  of  ten  ss  parts  of  more 
comprehensive  industrial  policies,  to  strengthen  the  technlcel  resource! 

j available  to  domestic  firms.    As  yet,  the  United  States  hss  not  dyne  so* 
Although  the^Steveneon-Wydler  Act,  P*L.  96-480,  could  provide  a 
framework,  f^w  of  the  provisions*  of  that  Act.  have  baen  Implemented. 
Centers  of  Industrial  Technology *ln  robotics t  ss  provided  for  in  Sec*  5 
of  H«R.  A047,  could  be  s  significant  step  In  moving  towsrd  s  network  of 
technology  centers, |  OTA's  analyses  Indlcste  the  potential  Importance  of 
such  s  network,  a  point  I  will  return  to  shortly* 

Self-Sufficiency  In  Technical  Knowledge         4  0  # 

Beyond  freer  flows  of  technology  and'  the  growing  integration^  of  the 
world  economy  lies  another  new  reality.  It  is  easier  to  buy  technology, 
but  the  quite  literal  explosion  in  scientific  knowledge  snd  technical 


know-hoy  hat  made  It  far  mora  difficult  for  e  privata  company  to  bi 
*  selt-suf ficienc.    Evan  big  companies  with  large  RAD  organization!  find 
-  themeafv%e  going  outaida  for  help,  aa  IBM* a  product  strategy  in  smsll 
computet  illuitratea  so  strikingly,    American  flrmt  ara  nagotlatlng 
many  aoVa^oint  ventures  and  two-way  technology  exchange  agreements* 
-While  the  United  States  still  exports  far  more  technical  knowledge  than 
it  impofts,  the  ratio  is  shifting. 

t  . 

Needless  to. say,  msny  of  the  larger  American  corporations  remain 
world  leaders  in  technology*    Smaller  U.S.  firms  may  be  leadara  where  ^ 
they  have  chosen  to  concentrate  their  reeources  —  e.g.,  in  r> 
biotechnology  or  computer  softwsre.    At  the  same  time,  thai  domestic 
economy  includes  tens  of -thousands  of  companies  with* limited  technical 
and  human  resources.    Many  of  these  firms  must  work  continuously  to  find 
market  opportunities  which  match  their  capabilities.    Sometloaa  they  see 
gaps  in  the  marketplace  they  cannot  fill  because  of  a  lsck  of  people 
with  the  right  kind  of  technical  skills.    Other  times  they  may  fall,  for 
similar  reasons,  to  recognixe  opportunities  they  might  have  taken 
edvantage  of.    Such  companies  cannot  hope  to  keep  up  with  advances  in 
technology  and  ac lance  across  a  broad  front •    Often  they  have  trouble 
keeping  up  even  in  Holds  directly  related  to  their  current  lines  of 
business*    Many  stay  so  busy  getting  this  year's  producte  out  the  door, 
and  designing  next  year's  offerings,  that  they  perform  little  or  no  R&D 
beyond  their  Immediate  neede.    This  11  one  reason  high-technology 
electronics  companies  have  banded  together  to  form  consortia  like 
Microelectronics  &  Computer  Technologies  Corporation  and  the 
Semiconductor  Research  Corporation. 

Institutional  innovations  in  the  private  sector!  of  which  these 
consortia  sre  examples,  ere  an  encouraging  response  to  the  nesd  for  new 
approaches  to  technology  development  and  diffusion.    American  firms  in  4 
highly  competitive  Industrlss  seldom  cooperate  unless  the  pressures  ate 
great.    OTA's  sseessmente  suggest  there  is  a  place  for  institutional 
lnnnovation  within  the  Federal  Government  and  among  government  JL 
Industry ,  and  the  academic  community  es  wo^l;  that  ie  innovation  aimed 
at  strengthening  the  inf raatructura  for  commercial  technologies.  That 
inf reetructure  ie  relatively  week  in  a  surprising  number  of  Important  > 
technologies.    Positive  action  by  the  Federal  Government  could  help 
maximise  private  asctor  Initiatives,  add  to  the  many  social  benefits 
commonly  associated  with  technological  Innovation  and,  by  helping  U. 8 » 
firms  compete j  keep  Americans  at  work*  . 

Xha  Federal  Role    ■  / 

What  mlql^t  these  Government  actlone  bo?    First  end  foremost,  dTA's 
analysis  points  to  a  need  for  greater  —  end  more  focueed  —  support  for 
engineering  research »    H»R.  4047  and  H»R»  4415  would  provide  for  tkie  in 
the  case  of  manufacturing  technologies*  lv> 
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More  broadly,  other  piecee  of  propoeed  legialetion  would  trenefer 
to  •  new  Federal  agency  -- *  perhepe,  •  Net  lone).  Technology  'Foundation  — 
tha  reeponeibility  for  engineering  reeeerch  now  lodged  in  the  National 
Science  Foundation,    OTA  hat  dlacuaaad  tha  proa  and  cone  of  euch  an 
approach  in  ita  Staff  Hemorendum    on  commerciel  tedtnologlee.  In 
sseence,  wa  ahara  tha  wldeepreed  doubt  that  thesjatlonal  Science 
Foundation,  11  praaantly  etructured,  will  giva  eubetentially  highar 
prioritiaa  to  engineering  reeeerch.    IMleee  a  restructured  NJF  win 
providad  tha  reaourcaa  to  raiaa  these  priorities,  a  nsw  agency  may  be 
required* 

Kvan  if  Induetrlal-'TtAD  wara  to  find  a  home  in  a  raatructurad  N8F  or 
a  newly  craatad  taohnology  agancy,  it  la  not  Enough  to  have  knowledge 
and  technologlee  on  tha  ahalf;  they  muat  ba  Jled .    Diffusing  a 
tachnology  baaa  to  Industry  if  jug t  ee  Ipportent  aa  developing  this  baaa 
In  tha  flrat  placa  —  and  may  ba  mors?,  difficult*       '  1» 

Tha  eource  of  tha  difficulty  la  thlat  technology  transfer  la  not  a 
glamoroua  or  praatlgloua  activity •    It  will  not  automatically  attract 
talented  end  motiveted  people.    No  one  pereon  le  likely  to  have  greet 
impect,  the  way  creetlve  e  engineer  or  eclentlet  who  deteigna.  computers 
or  atudlee  DNA  can.    It  wilLteke  technology  diffueion  networke  which 
outlive  their  membere  to  sake  thle  pert  o£  the  eyetem  function 
effectively,  but  ee  OTA  hae  outlined  In  lte  Staff  Memorandum,  a  network 
of  looeely  ceupled  centere,  operating  eemi*eutonomouely  and  charged  with 
development  ee  well  ee  diff uelon  of  commercial  technologies,  could  pay 
real  dividends  over  thef longer  term.  ■  i 

Such  centere  would^need  Federel  funde  on  a  continuing  badla.  Thie 
Is  naceeeary  to  extend  their  time  horlxona  beyond  those  Of  private 
lnduetry.    If  tpo  heavily  dependent  on  prlvete  dollars,  the  centere  will 
Inevltebly  empheelze  work  aimed  at  relatively  short-term  problems  — 
tandenclee  visible  In  projects  underteken  by  exletlng  lnduetry 
consortia.    Theee  ahort-tern  perspectives  contribute  to  the  gape  In  the 
natlon'e  technological  lnf restructure,    Thle  la  not  neccasarlly  to 
criticise  Industry;  funclng  declelons  reflect  the  #incentivee  and  rewerda 
corpo  rat  lone  face.    To  fill  the  gaps  and  extend  R&D  time  jhorlKone*  the 
Federel  Government  might  Aeed  to  provide  on  e  continuing  Jbaeie  perhapa 
30  to  40  percent  of  the  dtel  budget  for  technology  centers.;  This  Is  a 
major  point  of  difference  with  the  Steveneon-Wydler  Act,  which  envlaions 
a  network  of  centere  that,  aa  they  mature,  would  become  Independent  of 
te/dlrel  support.    While  attractive  from  the  etendpolnt  of  the  Federal 
budget,  such  an    ^oroach  might  not  achieve  Ita  objedtlvee. 

*  i> 

MANUFACTURING  TECHNOLOGIES 

OTA'e  etudlee  point  to  particular  neede  In  manufacturing.    In  the 
future,  computer-baaed  ayatema  will  help  ue  link  deelgn  and  development 
mote  closely  to  production.    At  present,  theae  activities  tend  to  be 
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separate  from  ona  another,  particularly  in  larger  companies  and  in  mesa 
$  production  industries.  • 

Integrating  Design  and  Production  / 

Little  mora  than  a  hundred  years  ago,  th*  technologies  of  most 
manufacturing  industries  remained  the  province  of  creftemen  and 
artisans.    The  people  who  deelgned  tableware  or  steam  engines  or 
bicycles  alao  aupervlaed  their  manufacture.    A  single  person  could,  In 
principle,  design  a  product  and  build  It  —  or  dealgn  a  product  and 
detail  the  production  methods  for  othera  to  follow,  perhaps— even  dealgn 
the  rolling  mil la,  lathes,  and  .forging  hammers  needed*    This  aims  person 
might  also  be  responsible  for  marketing*  ' 

Design  and  manufacturing  could  be  linked  in  one  man's  head.  At 
•  late  sa  tlje  1920e,  Henry,  Ford  tried  to  operate  this  way*/ Vet  Pord  was  a 
throwback*1    With  mechanically-baaed  technologies  growingmore  complex, 
and  production  scales  expanding,  the  scope  of  operations  quickly 
exceeded  the  graep  of  say  one  person*    A  group,  many  of  them  now 
'  academically-trained  rather  than  self-teught  engineers,  now  deelgned  and 
developed  the  product  —  bTh^t  an  automobile,  a  sewing  michine,  one  of 
the  new  plait  its.  , A  separate  group,  many  of  them  also  engineers,  laid 
out  the  factories,  apeclfled  the  manufacturing  operatlone,  supervised 
the  growing  nuabere  of  production  employees.    Outside*  auppllera  often 
built  special  iitd  machlnea  and  equipment*    Integration  became  an 
organizational  rather  than  an  individual  task* 

r  * 
Today,  we  are  aeelng  the  re-integration  of  design  end  production. 
If  one  peredn  can  no  longer  hold  in  their  head  and  in  their  filing 
cablitet  th|  information  needed  for  an\in£egrated  system  of  product 
d«iigA»  development,  and  manufacturing,  the  computer  gives  lis  a  tool 
that  can,  at  lsaat  in  theory,  do  aome thing  similar.    Is  this •important? 
Very  much  so.    Computer-based  systeme  promise  dramatic  improvements  in 
efficiency,  and  hence  in  competitiveness •    The  firms,  and  the  nations. 
that  do  the  quickest' and  beet  job  of  magtsrlng  tnfrj  new  technology  — "~a 
technology  quite  unlikePmoit  existing  product  or  process  technologies  — 
will  find  themselves  atop  the  global  economic  pyramid.  ^ 

The  Tschnology  of  Production  Systems 

The  problems  of  organising  and  managing  a  manufacturing  company 
differ  from  industry  to  industry  and  firm  to'firm,  but  they  are  problems 
of  technology  JaVt  as  much  as  the  development  of  dry  etching  processes, 
for  msking  silicon  interpreted  circuits  or  the  design  of  a  new  Jetliner. 
When  enalyilng  competitiveness,  it  Is  relatively  aaay  to  compare 
discrete  'places'1  of  technology  — •  components  and  subsystems, 
manufacturing  equipment  pr  end  products.    It  is  much  more  difficult  ty> 
analyxe  the  eystem  as  *  whole.    We  can  evaluate  the  products  of  American 
companies  —  chips,  airplanes,  machine  tools.    We  csn  compare^  tham  to 
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tht  products  of  fortign  industries  end  project  the  corteefjuencea  in  tense 
of  future  competitive  trends.    But  neither  tnd  products  nor  overall  k 
corporate  performance  as  measured  by  criteria  such  ea  profitability  or' 
markat  ehart  giva  a  vary  full  picture.    Nevertheleea,  OTA9 a  atudlaa  of 
competitiveness  damonatrata  that  tha  technology  of  production  eye terns, 
conaidarad  ss. systems,  ia  Juat  aa  important  for  competitive  euccese  aa 
product  tachnologiaa  or  tha  maetery  of  individual  procaea  stepa. 

An  Example  frog  tha  Semiconductor  Induatry  '*  ■ 

In  mlcroelectronlce,  product  and  proceas  know-how  ata  cloaely  tied*. 
But  thar*  la  mora  to  thejir  inter-relatlone  than  tha  ability  simply  to 
make  •  chip  onca  it  haa  baan  deelgned.    Coata  depend  on  yielda  —  tha 
fraction  of  functional  chip*  produced .    Quality  la  related  but  dletlnct 
—  e  atatlatlcal  ma a aura  of  the  extent  to  which  the  output  of  tha 
production  procaea  meets  specificatione.    Both  yield  and  quality  depend 
on  the  dealgn  of  the  chip  *  a  wall  M  control  of  the  manufacturing 
process. 

Aa  in  many  other  induetrlea,  Japeneae  companies  made  high  quality 
(and  high  reliability)  a  central  element  in  export  atrateglea  foe 
Integrated  circuits.    (The  full  etory  can  be  found  in  OTA* a  repdtt 
International  Compat Itlveneae  In  Electronics >)    Thia  atraaa  on  quality 
helped  Japanese  companlea  penetrate  U.S.  markata  for  aeveral  kinds  of 
memory  chips.    By  1981,  even  the  executlvaa  of  many  American 
aemlconductor  firms  were, willing  to  admit  that  their  Japanese  rivals 
were  delivering  fewer  bad  chips* 

What  does  it  take  to  achieve  high  quality  In  the  production  of 
Integrated  circuits?    Certainly  it  takes  good  manufacturing  equipment. 
At  the  time,  Japaneaa  semi conductor  manufacturers  purchased  moat  of 
their  equipment  from  the  same  vendora  that  aupplled  the  U.S.  industry. 
Theae  vendors  —  American  companlea  making  automatic  circuit  teetare, 
furnacea  and  etching  ayatema,  lithographic  equipment  —  sell  all  over 
the  world.    In  other  words,  tha  Japanese  had  no  advantage  in  the 
equipment  on  their  factory  floora. 

The  dealgn  of  a  product  —  whether  an  integrated  circuit  or  en 
automobile  — .  alao  affect  a  quality.    Microelectronic  devlcea  can  be 
functionally  identical  yet  differ  In  a  multitude  of  design  detalla. 
Theae  will  influence  yielda,  quality,  reliability.    For«producfe  of  many 
typee,  not  Juat  aemlconductora ,  half  or  more  of  ell  quality  and 
reliability  probleme  can  often  be  traced  to  tha  dealgn  and  development 
proceaa  rithar  than  to  manufacturing  and  quality  control.    Memory  chipa, 
for  inetance,  ere  susceptible  to    eoft"  or  nbivrepeatable  errore  cauaad 
by  alpha  particles'  emitted  from  trace-level  Impurltiea  in  the  packaging ♦ 
While  the  alpha  radiation  cannot  be  eliminated ,  aoft  errore  can  be 
reduced  to  tolerable  levela  through  a  variety  of  circuit,  design 
techniques.    In  at  least  aome  caeee,  Japanese  companies  implemented* 
these  techniques  before  American  firms* 
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All  other  thinge  equel  —  th.  factory,  it.  equipment,  th.  product 
i  j<          £iS£li.  determine  quality.    But  nor.  than  people  aa 

Sit }«.n!l  1       ,    th'  Ttm  which  th,y  ™%".t  makae  'th.  < 

difference  —  not  a  nav  leeeon,  but  cartainly  ona  t*>f  Japan.se 
semiconductor  industry  haa  deaongtret.d.  ' 

Etl^ri  Syst.ma  and  Compute  re 

,.n>^Ajl'ni*,r*t!d  P5oductlon  ■Y»t,*a  1«PH««  integrating  design  and 
•ensuring.    It  al.o  impli.*,  or  ehould  imply,  lnt.gretingsp.opl. 
■or.  affectively"  into  manufacturing  organU.tlons.    Both  sspsctT^" 
succsssful  lnt.gr.tlon  of  d.el£n  end  menufecturlng,  succssstul 
Intsgretion  or  p.opl.  «nd  nthlMi^  ^-  ^ptHMrnnspn  of 

firms  end  induetriee.    Both  ere  vitel  for  the  future  of  tiMr^^ 
tnanufacturing  ssctor^of  the  U.8.  economy.  V  ■  \ 

Theryie  nothing  new  in  viewing  menu  lecturing  orgenisetione  e'e 
intsgrstad  .ystsas.    By  th.  l.te  1920.,  Ford*.  River  Rous,  plant  was 
operating  with  .  high  l.v.l  of  intsgretion  und.r  n'.  Toft.  hSmT 
vareione  cen  be  found  in  Toyote'e  much-hereld«d  ,TtSl»Ua^pproaah  or 
the  new  Buick  City  complex  going  up  in  Flint.  T*-*^Pro»«n.  or 

What  ie>V>ew  1.  the  computer,  with  lta  potentiel'  for  teking  over  the 
work  now  done  by  hundr.d.  end  thou.end.  of  people  -  p.opls  whoee  XL  it 
M  T  m  ""J  th!  'y't'a,  ,unctl°nln«  -»or.-or.l...  .monthly?  rdll 

1  r„Ti!  i  Hr0dUCt  °n  W°rk'r''  *lthough  dlr'ct  1-borhour.  per  M„it  of 
output  in  U.S.  manufacturing  will  continu.  to  drop.  Neverthele.. 
people  will  keep  on  doing  joba  that  mechinee  Cennot  perform  aa  wall  - 
At  ^!r..1r.Vi'*!blr  "°hln!  "t"up»  ln»P""on,  m.int.n.nce  or  r.p.ir. 
ind  SnJro?  «  "^.l-rg;  nU?bar'  °'  j0b'  "•ocl*f««  *th  th.  logi.tica 

:;r.^tdr;s.;p.«:droductlon  proc'M  *u  di-pp-r« ^ 


the 


than 

'ing, 

—  .... — Kia..v./.    wmpucera  will  take  over  more  end'  more  of 

the  responsibility  for  logi.tic.  end  control  In  f.ctory  product!^. 

Aa  a  eyetsa,  svan  e  slmpls  f.ctory  is 'complex  end  mseey,    At  any 
point  in  time,  a  betch  production  aho*  will  heve  e  atring  offjobe  m 

flT^  Jf?  l°l  'lMVwlU  dlf,'r»  •W*         "t.rl.1  raJLlr.rn.nt.. 
Th.  shop  will  have  anothsr  queue  of  jok  w.iting  to  entmr  tit  procss. 
flow.    It  will  hsvs  a  c.rt.liv.tock  of  production  vequlpment  V-  .,«.. 
machine  tool..    Th.  c.p.biliti.a  of  „n5  of  thas.  Vl.CM  ofAquipm.nt 
will  ov.rlap.    Thoaa  that  cen,  in  principle,  do  the  same  jib  will 
non.8h.less  produce  parts  that  are  qualitatively  different]^  milled 


\ 
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surface  ve)eue  that  produced  by  a  eheper  or  a  surface  grinder).  Soma 

»achljiai>inil  naad  mora  highly  aklllad  oparatora  than  othere;  eome  nay 

be-4umarically-controlled,  othar  manually  operated •    Coata  will  dtffar  % 

depending  on  the  machinaa  used.    The  shop 'can  aubcontract  float  of  ita 

work  —  and  nay  hava  to  for  epeclellsed  oparatlona  (haat  treatment, 

plating,  electron-beam  wilding).    A<}d  euch  factora  aa  equipment 

braakdowna  and  lata  dallvarlaa  of  materia}^  and  auppllaa,    Tha  raault  la 

tha  factory  aa  a  system  —  axcapt  for  tha  paopla.    Ad<)  these,  with  thair    $  ^ 

own  bahavloral  character iatica ,  and  wa  can  bagin  to  see  why  tha  coata  of 

managing  and  controlling  tha  proceee  can  axcaad  thoaa  for  running  tha 

machinaa  and  fabricating'  tha  producte, 

Glvan  thla  messlnsss,  it  la  mucheeeier  to  analyse  or  manage 
subsystems  — ,  piacaa  of  tha  whole,  tha  amallar  tha  battar  —  rather  than 
trying  to  work  with  tha  system  aa  a  whole,  yjLThla  la  tha  eaeanca  of 
aciantific  manageaent ,    Group  tachnology  ano^fclluler  manufacturing, 
Ukewlee,  are  attampta  to  braak  down  tha  production  procaaa  into  aimpla 
and  menageeble  entitiee,)    But  focuaing  on  bita  and  piacaa  in  iaolation* 
doaa  not  guarantaa  thaf  tha  factory  aa  a  ayatam  will  function  wall. 
Indeed,  moat  factorlaa  do  not  function  wall,  in  ..any  abaoluta  sense. 

Broadly  epaaking,  management  and  control  —  anauring  that  equipment 
la  available  and  in  good  repair  when  echedulad  for  use,  getting  the 
right  information,  now  including  prograae  for  operating  computerized 
mechinery,  to  ehopfloor  peraonnel  when  they  need  it,  aeelng  that  tha  ' 
right  meteriala,  parte,  toole,  and  euppliee  ate  in  the  right  place  at 
the  right  time  ~  were  otice  teeka  for  people.    Foremen,  tftockboya  end 
aiddle-menagere,  clarke  and  toolroom  attendente,  fork-lift  oparatora  end 
axpedltora,  did  thie  work.    Computers  can  do  many  of  theae  Jobe  better 
and  cheaper. 

Even  eo,  when  compute  re  are  designed  into  complex  tfyetema, 
performance  aeldom  livea  fully  up  to  expectations.    When  heavily 
etreeeed,  faced  with  unueuel  conditions,  autometed  ayatems  often  fail  in 
C     unexpected  weys,  et  which  point  the  hum$n  oparatora  must  take  over.  In 
fact,  no  auch  eyitem  can  function  without  people,  particularly  under 
extreme  conditions  —  and  even  more  in  a  factory  environment,  far  more 
unpredictebla  than  a  petroleum  refinery  or  a  powarplant.    Not  only  are ^ 
people  indiepeneable  to  the  operation  of  the  system,  but  the  system 
exlete,  after  all,  for  the  benefit  of  people';    Integration In  the 
context  if  manufacturing  eysteme.  should  therefote  be  viewed  aa  the 
Integration  of  people  end  machines.    Much  more  ie  Involved  in  automated 
manufacturing  than  the  removal  of  people  from  the  eyetem,  as  I  hope  the 
example  from  semiconductor  production  hae  made  plain*    Thla  point  la 
vital  to  the  future  competitiveneee  of  Aaericen  induetry,  as  well  aa  to 
future  employment  opportunities  for  the  U*8,  labor  force*  % 
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OTA  reports  beglnnlng^wtth  Technology  and  Steel  Industry 
Compe tlci vgflgg * 1  published  In  1980,  point  to  a  set  of  problems  In 
fane r i c an  1 nd u e t r y  many  of  which  can  be  traced  to  produc tioiNiys  terns . 
The  United  States  has  failed  to  aggressively  support  the  technical  base 
for^manuf acturlng ,  diffuse  new  developments  to  Industry,  and  Invest  In 
the  capital  equipment  and  human  skills  needed  to  Implement  new 
manufacturing  methods.    Government  R&D  support  has  not  only  been  low,  j,t 
has  been  spread  piecemeal  Among  agencies;  defense  agencies,  In 
particular,  concentrate  on  short-terra  R&D  aimed  at  their  Immediate 
needs.     Industrial  support  has^ollowqd  aimJLfir  patterns. 


A 


Funding 

/  N 

The  National  Science  Foundation's  Production  Research  Program  will 
spend  $4.6  million  In  fiscal  1984.    This  Program  accopn/s  for  at  least 
half  of  NSP's  total  spending  on  .research  related  to  manufacturing. 
Among  civilian  agencies j  the  National  Bureau  of  Standards  and  the, 
National  Aeronautics  and  Space  Administration  also  sponsor  modest  levels 
of  manufacturing  HAD •     The  civilian  total  does  not  reach  $20  million  pfer 
year.    While  the  Department  of  Defense  will  spend  well  over  $200  million 
during*  1984  for  R&D  related  to  manufacturing,  much  of  this  Is  mission- 
&  oriented;  a  good  deal  goes  towards  exotld  aerospace  technologies  with 
limited  applications  In  commercial  Industries. 

s  As  OTA  has  stressed  In  the  past,  priorities  for  commercially- 
oriented  R&D    have  been  low  In  the  United  States  compared  to  nations 
like  Japan  an^Wes t  fie rmany «    As  the  funding  patterns  outlined  above 
show,  the  nation's  priorities  for  R&p  In  manufacturing  have  been  low 
even  compared  to  other  categories  of  commsrclal  technology  development. 
The  funding  levels  li\H,R.  4047  or  H*R.  4415  would,  during  their  first 
year,  double  or  triple  Federal  Support  from  civilian  sources  for 
manufacturing-related  r&d.  , 

Hardware  and  Software 

Moat  of  the  Federal' Gove rnment 1  a  past  and  present  support  for 
manufacturing  technologies  has  gone  toward  the  hardware  problems  of 
making  individual  piece-parts  rather  than  the  sof tware,  problems  of  * 
system  design  and  control.     Hardware  problems  can  be  attacked  through 
relatively  conventional  technology  development  —  engineering  research 
into  material  behavior  during  deformation  processing,  improved 
production  equipment,  product  designs  that  are  -easier  or  cheaper  to 
make  ♦  • 

i 

Software  problems  demand  a  different  class  j)f  response*  They 
Involve  people,  organizations^  institutions.     Mathematical  modeling, 
quantification,  experimentation  +-  all  are  more'^il  f  f  icul  t ,  more 
.expensive,   'but  often  the  greatest  gains  lie  In  finding  workable 
solutions  to  these  messy  and  difficult  problems. 


J 
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This  is  nht  to  say  that  hardware  Is  unimportant.  Today, 
technologies  for  more-br-less  conventional  metal working  —  casting, 
forming,  cutting,  joining  and  fabricating  —  remain  foundations  for  much 
of  U.S.  industry.    Heat-treating  cycles  that  minimise  energy  coneumptlon 
can  cut  production  costs;  so  can  leaner,  hence  less  expensive  alloys,  or 
robote  that  waste  less  of  the  paint  they  spray.    In  many  cases, 
knowledge  that;  wtuild  help  engineers  improve  even  quite  conventional 
processes ^fcUrflckftpg  —  for  example  ,*data  on  the  plastic  deformation 
behavlor^f  common  engineering  alloys  st  cold-  and  warm-working 
temperatures.    Higher  level ■  of  Federal  R&D  funding,  snd  a  cantral  focus 
for  Government  support,  could  raise  priorities  for  generic  research 
underlying  msny  of  the  most, widely-used  metslworklng  manufacturing 
processes^     el.  R.  4047,  the  Robotics  and  Automated  Manufacturing  Systems 
Reseerch  snd  Bducstlon  Adt  of  1983,  would  have  this  effect  to  a  limited 
extent.    H.R.  4415,  the  roanu fact uring  Sciences  snd  Technology  Resesrch 
and  Development  Act  of  1983,  could  exert  a  much  more  powerful  stimulus. 
Either  bill,  but  particularly  H.R*  4415,  would  help  the  long-run 


competitive  ability  of  U.S.  fimj[  engaged  In  netalworklng  manufacturing. 

'  • 

In  the  future,  newer  production  processes  will  have  far-reaching 
Impacts  on  productivity  and  competitiveness.    Some  will  be  improvements 
on  relatively  conventional  technologlea  —  near  net-shape  processing, 
llpklng  automated  machine  tools  linked  to  create  flexible  manufacturing  , 
systems,  better  methods  for  fabricating  composite  meterlala.  New 
^processes  will  also  be  needed  to  take  advantage  of  new  materials  —  not 
only  composites,  but  ceramics  end  monolithic  polymers.    Todsy,  some  of  . 
these  materials  can  be  worked  only  st  great  expense.    For  others,  uaefulft' 
properties  will  depend  on  batter  process  control;  thla  la  case  for 
structursl  ceramlca,  with  their  inherently  brittle  behavior.  Practical 
production  processes  for  new  materials  would  contribute  directly  to 
advantages  In  international  competition.    Again,  H.R.  4415,  the  broader 
Of  the  tJwo  bills,  would  be  more  likely  to  help  U.S.  Industry  achieve, 
such  outcomes. 

Still,  the  greatest  gains  over  the  next fbto  or  three  decades  will 
come  from  reorganizing  the  production  System  as  a  whole,  whether  or  not 
this  is  coupled  with  new  hardware  technologies.  Computer-integrated 
manufacturing  has  become  the  catch-phrase,  sometimes  seeming  to  imply 
getting  the  people  out  of  the  system  because  they  are  sloppy, 
unpredictable,  inefficient.    But  aa  I  pointed  out  above,  It  makes  more 
sense  to  view  integrated  production  systems  as  integrating  people  and 
machines.     Improving  the  efficiency  of  such  systems  will  take  more  than 
user-friendly  computer  programs  or  well-designed  Instrument  and  control 
panels,  common  dsts  bases  or  far-flung  management  information  systems . 
It  will  take  a  better  sendtf  of  how  to  allocate*  tasks  and  responsibility 
aro^ong  people  and  their  machines. 

Current  R&D  Directions  »  * 

—   ,  .  # 
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Most  manufacturing  research  focuses  on" components  and  jubsystems 
rathW  Chan  the  production  system  as  a  whole.    TMs  la  aa  true  for 
developments  In  master  production  scheduling  as  It  Is  for  R&D  on  robots. 
WhlleNfroth  H.R.  4(M7  and  \j.R.  4415  emphasize  systems  Integration,  they 
rc^frht  do  so  even  more  atrongly. 

In  t\e  United  States,  robotics  research  has  centered  on  such 
problems  aV  manipulator  design  and  control,  sensing,  particularly  Vision 
systems,  andv  the  design  of  end-ef factors  (robot  hands).    We  know  little 
about  how  to  integrate  robots  into  factory  environments  .beyond  the 
obvious  —  replace  a  man  or  woman  with  a  machine.    Thle  la  one  reason 
most  robots  hsve  been  installed  in  assembly  line  or  loading/unloading 
applications.    Here  the  inherent  flexibility  of  the  robot  aaldom  comes 
into  pl*y<     Instead,  the  robot  serves  as  a  kind  of  universal  machine, 
often  replacing  epeclal-purpoae  machines  as  in  msny  spot-welding 
lnstsl latlons  •    Of  course,  this  will  change  as  the  technology  progresses 
and  experlerite  accumulates.    (But  even  today,  much  of  the  R&D  in  robotics 
~-  ss  in  gq^up' technology  or  machining  cells  —  seems  aimed  at  breaking 
down  and  simplifying  manufacturing.     Relatively  little  goes  toward 
learning  to  put  theae  building  blocka  together. 

OTA  assessments  indicate  that  resesrch  agendas  in  other  countries 
often  place  greater  stress  on  system  Integration.    This  has  baen  s  major 
thrust  of  joint  government-industry  R&D  in  Jspsn.    In  sddition,  the 
leeslng  program  run  by  JAROL  (Japan  Robot  Leaetng  Company,  Ltd.)  aeema 
pointed  in  conalderable  measure  at  the  need  to  learn  to  use  robots. 
A-i though  both  H.R.  4047  and  H.R.  4415  stress  applications  of  automated 
production  equipment \  they  coulj  be  strengthened  by  even  greater 
emphasis  on  applications  and  dlffualon. A  good  deal  of  trial  and  error 
Is  Inevitable  in  learning  processes  such  ss  these;  Federal  support  could 
help  spread  the,  risks. 

FURTHER  COMMENTS  ON  H.R.  4047  AND  H.R.  4415 

&  ' 

As  I  trust  my  comments  thus  far  have  demonstrated,  these  bills 
could  be  significant  steps  toward  raising  priorities  In  the  United 
States  for  manuf set ur ing  technologies.    H.R.  4047  is  the  narrower  of  the 
two,  focusing  largely  on  computer-integrated  manufacturing,    building  on 
the  framework  of  the  Stevenson-Wydler  Act,  the  bill,  would  creste  s 
relatively  coherent  program  of  R&D,  education  and  training,  and 
technology  transfer  to  the  private  sector.    It  stresses  many  of  the 
human  lectors  and  system  integration  aspects  I've  touched  on  above. 
Relative  to  existing  funding  levels,  H.R.  4047  would  provide  substantial 
Increases. 

> 

The 'range  of  manufacturing  technologies  eligible  for  R&D  funding 
under  H.R.  4415  Is  considerably  broader.     In  general,  fiowever,  the 
mechanisms  for  support  spelled  out  in  H.R.  4047  appear  preferable. 
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Under  H.R.  4415,  for  example,  the  Secretary  of  Commerce,  through  the 
Office  of  the  Assistant  Secretary  for  Productivity ,  Technology  and 
Innovation,  would  be  given  responsibility  for  grant  funding  of  research 
projects  plus  the  option  of  establishing  cooperative  R&D  programs.  The 
Department  of  Commerce,  outalde  of  the  National  Bureau  of  Standards ,  Was 
little  expertise  In  technology  and  little  experience  In  operating  > 
competitive  RAD  programs.    »H.R.  4047,  in  contrast,  not  only  provides"  for 
an  external  program  review  board,  but  would  give  most  of  the  funding 
authority  to  the  National  Science  Foundation.    While  we  have 
reservations  concerning  NSF's  past  support  for  technology  development, 
most  of  these  concern  priorities  and  funding  levels.    By  raising 
priorities  for  manufacturing  within  NSF ,  H*R.  4047  would  avoid  at  least 
aome  of  these  problems  • 

The  best  prospects  for  strengthening  the  long-run  competitiveness 
of  U.S.  manufacturing  industries  might  come  from  combining  the  breadth 
of  H.R.  4415  with  the  Implementation  mechanisms  in  H.R*  4047*  The 
objective  could  be  a  etwork  of  technology  development  and  diffusion 
centers  i  focused  oil  manufacturing  and  following  the  Stevenson-Wydler 
model,  though  eligible  for  continuing  Federal  funding.    Most  simply, 
this  could  be  accomplished  by  incorporating  the  Hat  of  manufacturing 
processes  and  methods  which  appears  in  Sec.  5  (a)  of  H.R.  4415  Into  H.R. 
4047,  with  minimal  changea  otherwise  to  the  latter. 

CONCLUDING  REMARKS 

It  1b  too  early  to  tell  what  coming  generations  of  integrated 
production  systems  will  look  like,  how  they  will  perform,  in  which 
industries  they  will  have  their  greatest  Impacts.     It  is  not  too  early 
to  say  that  computerised  design  and  production  will  profoundly  affect  « 
the  nature  of  work,  the  structure  of  organizations,  stui  the 
International  competitiveness  of  American  Industries.^)  * 
'  i  * 

In  resl  time,  changes  in  product  design,  Mn  factory  Organization 
and  work  methods,  in  labor  productivity,  may  saem  slow  end  incremental. 
This  has  been  the  case,  for  Instance,  in  color  television  manufacturing, 
hardly  noted  for  technological  dynamism.      Yet  In  the  United  States, 
annual  output  per  production  worker  went  from  150  TVs  In  1971  to  560  in 
1981.     Over  this  period,  domestic  output .doubled .     The  percentage  of 
value  added  In  the  United  States  fell,  as  more  parts  and  subassemblies 
were  imported.    Domestic  employment  dropped  by  half —  partly  as  a 
result  of  automation,  partly  as  a  result  of  foreign  value-added,  partly 
as  a  result  of  redesigned  TVs  with  fewer  psrts  and  leas  need  for 
assembly  labor.    The  example  is  not  atypical:  only  by  looking  at  the 
entire  sys t em  can  we  grasp  the  full  range  of  causes  and  Consequences  of 
t  echno  log 1 cal  change  > 

In  many  other  induatrlee,  the  changes  to  come  will  be  greater. 
Given  a  world  economy  with  a  huge  excess  of  labor,  moBtly  in  lesser- 
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developed  countries  wi'th  low  wage*  and  living  standards,  the  United 
Statea  has  no  option  but  to  rely  on  Its  technological  resources  .to 
remain  competitive^Jfe  will  have  to  do  this  while  finding  ways  to  meet 
people1 s  desires  for  satisfying  work  and  the  living  standards  that 
Americans  now  expect.     In  the  end,  our  society  may ^fnd  Itself  inventing* 
new  kipds^of  production  systems  not  only  jLn  the  na/e  of  efficiency  but, 
to Jx&p  give  structure  add  satisfaction  to  people' rk  lives. 

Two  or  three  decades  from  now,  looking  back,  we  will  eke  that  the 
Changes  in  our  manufacturing  sector  have,  in  tc/al,  been  sweeping,  that 
our  eltanomy  Jtas  been  transformed.    The  »f actor|/of  the  future  will  be 
visible  only  with  hindsight.    Such  is  the  context  within  which  U.R.  4047 
and  H«R.  4415  should  be  viewed* 
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Attachment 


Excerpta  frog  findings,  pages  5-11,  In  "Development -and  Diffusion  of 
Commercial  Teynologiea :  Should  the  Federal  Government  Redefine  Its 
Role?"  Staff  h»»orandura,  Industry,  Technology,  and  Employment  Program, 
O/flce  of  Technology  Assessment,  March  1984. 

The\  Existing  \System 

f.      When  Government  *ia  the  end  user  of  new  technology,  as  is  the  esse 
for  military  systems,  Federal  support  for  R&D  Is  relatively 
atraightforward.     When  tha  primary  objective  Is  commercial  technology 
development,  the  Federal  Government  ha a  a  relatively  narrow  range  of 
experience  to  draw  on  —  much  of  it  less  than  successful       and  a 
limited  array  of , Institutions  and  mechanisms* 

2.     The  United  States  remains  without  peer  when  It  comes  to.  science; 
despite  the  strong  eraphaaia  on  military  R&D  sponsored  by  Government,  few 
signs  pfint  to  any  need  for  major  change  or  inatitutionel  invtov-atlon  at 
the  basic  rtseerch  end  of  the  R&D  spectrum.    Evsn  ao,  basic  research 
that  would  support  the  International  competitiveness  of  U.S.  InaMfrtrleV 
ranging  from  steel  to  sutomobllee  to.  electronics  has  sometimes  befrnj:. 

lacking.  . 

*  ,  ..  ,* 

3*.      The  hundreds  of  laooratorias  operated  and/or  funded  by  the  Federal, 
Government  comprise  a  vital  resource  for  scientific  resesrch  and  for  the 
development  of  defense-resisted  technologies.    Even  so,  the  National 
laboratories  srs  unllksly  to  jl*y  more  than  a  marginal  role  In  the  ' 
development  and  diffusion  of  comttercial  technologies.    This  has  not  been 
their  mission;  attempts  to' reorient  their  activities  would  be  unlikely 
to  heve  more  than  limited  success. 

4.      In  contraat  to  military  R&D,  where  Government  is  the  customsr,' 
direct  Involvement  of  the  Fsdersl  Government  In  the  development  of 
commerclsl  products  snd  processss  has  not  in  the  pss^  fit  comfortably 
Into  Che  U.S.  political  and  economic  system-   A  grestef  degree  of  such 
Involvement  might  evolve  over  time  from  sn  approach  emphasizing  generic, 
pre-competltlve  technology  development.    However,  this  need  not'be  an 
objective.  4 

nj&o 

l»      Many  American  companies,  large  and  small,  have  ample  resources  snd 
know-how  to  exploit  technologies  developed  internslly  or  required  from 
other  sources.    Any  sddltlonsl  support  provided  by  the  Federal 
i Government  would  be  Maeful  to  such  companies,  but  is  not^ital.  ^ 


Commercial  Technology 


'2.      Although  many  "high-technology"  enterprises,  along  with  firms  in, 
more  traditional  Industrie's,  can  learn  what  they  need  to  know,  other 
American  companies  JL  Indeed,  the  vast  majority  —  are  far  from  self- 
sufficient,  r*They  l*Jck  critical  pieces  <of  the  technical  puzzlea  they 
must  solve,  % 

3,  Helping  American,' firms  acquire  and  make  use  of  technology,  newly 
developed,  or  existing,  'could  create  new  Jobs  and  benefit  the 
International  coropetltlvenees  of  U.S.  industry. 

4,  Domestic  Companies  could  benefit  from  Improved  mechanisms  for  the 
diffusion  of  technology  within  the  .United  States.    They  could  also 
berteflt  t*rom  programs  aimed  at  development  of  generic  technologies  with 
broad  commercial  relevance. 

5,  Initiatives  In  the  private  sector  demonattate  the  need  for  new 
approaches  to  pre-eorapetitive  R&D' even  among  the  leaders  of  high-  ^ 
technology  Industries.    When  such  Initiatives  ere  funded,  planned,  and 
conducted  entirely  by  private  firms,  their  time  horizons  will  not  differ 
much  from  those  for  R&D  within  the  compsnles  themselves.  Participation 
.by  the.  Federal  Covemment  could  extend  .  these  time  horizons  to  projects 
with  longer  payback  periods* 

The  Federal  Role  In  Development  and  Diffusion  of  Commercial 
Technologies  ^ 

1*      The  Government's  past  attempts  to  develop  and  diffuse  "commercial 
technologies  should  be  regarded  largely  es  experiments       some  - 
successful,  some  not.     Important  lessons  csn  be  learned  from  failures 
snd  partial  failures  se  well  as  successes.    A*  continuation  of.  the 
experimental  approach,  one  In  which  mistakes  are  both  permlssable  and 
Inexpensive,  may  be  desirable. 

2 .  Mechanisms  for  the  development  and  diffusion  of  commsrclal 
technologies  work  better  when  flexible  and  decentralized*  .Many  States 
already  operate  technology  extension  services,  some  much  more  highly  % 
developed  than  others.    Emphasizing  locaf  Initiatives  can  spdad  response 
to  the  needa  of  firms  and  industries  In  a. given  State  or  region. 

3,  Technologies  are  transferred  and  diffused  iargely  by  people. 
Technical  reports,  patents  or  licenses ,  conferences  can  all  be 
Important,  but  are  generally  only  starting  points.    Federal  support  for 
commercial  technology  development  and  diffusion  tittght  \therafore  focus  on 
building  networks  of  technically  trained,  people.    The  'Federal  role  miffht^ 
encompass  the  following:        *  ^* 

a)    Providing  on  a  continuing  basis  funds  to  the  States  earmarked  for 
technology  diffusion  —  e.g*r  foi*technology  extension  setvj,pee» 
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I   -b)    Funding,  again  on' a  continuing  baaia,  for  ctnttra  with  aiaaiona 
.  .    encompaaaing  botfr  deveXopmant  and  diffualon  of  commarciallyroriontad 
Yachnolopiaa I 


c)    Tha  approach  "should  ba  ona  of  experimentation  and  adaptive  learning 
to  find  machaniama  £hat  functlonaff actively »    Some  cantcra  could  ba  ^ 
organized  oh  a  technology-spacif lc^taaia ,    Others  could  ba  organized  on 
an  induatrynepacific  baaia.  ■ 
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Mr.  Wamikkn,  Thank  |fou  verv  much,  Dr.  Alio, 

You  khow,  I  just  wanted  to  focus  on,  in  your  conclusion  you're 
talking  about  the  color-television  manufacturing  effort^and  you're 
saying  that  output  per  production  worker  went  up  substantially^ 
and  domestic  output  doubled,  but  the  percentage  of  value  added  in 
the  United  States  fell  and  domestic  employment  dropped  by  half.  Is 
that  inconsistent,  for  output  „to  double  but  domestic  employment 
drop  by  half/  I  suppose  that  b  the  leverage  of  automated  manufac- 
turing at  that  point.  Is  that  right? 

Dr.  Auc.  That's  right,  Mr.  Chairman.  That  is  an  illustration  of 
the  need  to  look  at  the  system  as  a  whole  because  in  fact  output 
did  double,  employment  in  the  industry  was  cut  in  half,  but  there 
wj^  multiple  causes.  Among  those  causes  were  greater  use  of  im- 
ported components  and  subassembly,  circuit  board  in  the  TV?s 
which  came  from  overseas;  q  redesign  of  the  television  sets  so  that 
they  had  far  fewer  parts,  in  many  cases  half  as  many  parts  in  1981 
as  in  1971,  and  of  course  it  takes  less  labor,  to  assemble  the  set;  and 
automation.  All  those  things  together  gave  us  rising  productivity, 
productivity  that  rose  fast  enough  so  that  even  though  output  went 
up,  employment' could  be  cut  back,  and  of  course  that  was  driven 
by  competitive  pressure  from  the  Japanese  and  other  foreign  man- 
ufacturers otyelevisions.  That  is  not  untypical  of  manufacturing  in- 
dustries, and  I  think  we  can  expect  more  of  that  in  the  future.  So 
even  though  output  is  going  up,  our  economy  is  expanding,  produc- 
tivity must  increase  if  we  ate  to  meet  foreign  competition,  and  the 
result. can  be  labor  content  drops  and  the  job  opportunities  in  the 
industry  are  reduced  along  with  that  even  though  expansion  is 
taking  place.  It's  a  very  serious  dilemma. 

Mr.  Wauirkn.  Mr.  MacKay? 

Mr.  MacKay.  I  can't  figure  out  whether  your  paper  and  testimo- 
ny is  consistent  with  that  of  Dr.  Rosenstein  or  whether  it  is  incon- 
sistent Is  it  just  that  he  has  taken  a  longer  perspective  than  you? 
Do  you  agree  with  what  he  said  or  disagree? 

•  Dr.  Auc.  I  couldn't  comment  on  his  projection  of  8.7  percent  of 
the  labor  force  being  in  manufacturing  at  the  end  of  the  century,  I 
think,  without  seeing  the  analysis  on  which  that's  based.  *  . 

Mr.  MacKay.  Dr.  Druckerjj/ojects  a  lower  percentage  than  that 
but  uses  a  slightly  longer'^timeframe.  He  says  5  percent  by  the 
year  

Dr.  Auc. /Yes.  Well,  frankly,  Mr.  MacKay,  I  have  seen  many  of 
..hose  projections^yself,  and  I  regard  many  of  then*  as  back-of-the- 
envelope  calculations.  The  manufacturing  labor  force  ia  fact,  as  I 
am  sure  you  know,  has  been  relatively  stable  over  the  last  couple 
of  decades.  It  hasn't  been  going  up  but  it  hasn't  really  been  going 
down  that  rapidly  either.  There  has  been  a  lot  of  readjustment 
within  it  and  the  growth  has-been  elsewhere  in  our  labor  market. 
The  potential  is  there  for  substantial  displacement  and  for  replace- 
ment of  many  people  with  robots.  With  computers  and  other  appli- 
cations tnany  white-collar  jobs  will  disappear.  If  we  look,  for  exam- 
ple, at  the  revitalization  of  Chrysler  Corp.,  we  see  that  many,  manv 
supervisory,  middle  management,  clericaKemployees  are  gone.  It's 
not  only  the  production  work  force;  it's  Everybody.  That's  what 
competitive  pressure  does.  It  cuts  across  the  board-  f 
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I  think  we  have  h  lot  of  real  adjustment  problems.  I  don't  think 
it  makes  a  great  deal  of  difference  whether  it*H#5  percent  or  H.7  per- 
cent? or  whether  w<*'re  going  *  stay*  at  17  or  20  percept.  I  think 
that  the  need  is  for  mectmnisnp  which  will  simultaneously  help  us 
to  maintain  our  competitiveness  In  a  very  volatile  and  rapidly 
changing  world  economy!  and  simultaneously  adjust  internally  to 
the  stresses  tyid  strains  that  go  along  with  that. 

Mr.  MacKay.  AJI  right.  Then  let  me  go  afr-a  different  queation. 
On  page  )\  of  your  testimony  you  have  underlined; 

Afneriuin  industry  now  com  pet ch  in  n  new  into/national  environment,  a  world 
where  technoloKV  in  widely  avnilable  and  can  tnovfc  eimily  and  quickly  hctohh  nation- 
al boundaries  Ot^u-r  KovernmentH  have  recognized  the  importance  of  commercial 
techiioloKiftt  and  Jeni^n  program**,  often  aH  part  of  more  comprehensive*  induHtrial 
.  policies  to  strengthen  tho  technical  resources  available  to  domestic  firms.  As  yet, 
the  United  States  hnH  not  done  ho. 

Or,  Rosensteiri  also  said  that  the  thing  we're  failing  to  recognize 
is  that  technology  can  move  across  national  boundaries  as  rapidly 
as  capital,  and  he  basically  was  saying  there  is  a  new  dimension  in 
it  now.  Does  that  tender  obsolete  our  way  of  thinking  about  tech- 
nology? He  was  suggesting  that  it  does. 

Or.  Auc  I  believe  that,  more  than  that,  it  has  been  one  of  the 
forces  rendering  obsolete  our  ways  of  thinking  about  trade  policy. 
We  have  tended  in  the  past  to  look  at  trade  policy  as  separate  from 
domestic  economic  policy  and  science  and  technology  as  something 
still  different.  Companies  today  trade  technology,  sell  technology, 
with  their  rivals  and  competitors  when  its  to  their  advantage. 
That's  the  way  in  which  international  business  is  evolving.  Compa- 
nies will  cooperate  in  some  markets;  they  Will  compete  in  others. 

Th6.ro  are  more  than  70  technology  exchange  agreements  ivithin 
the  d6#en  or  so  firms  in  the  world  automobile  industry  today,  and 
of  course  we  read  about  that  almost  every  day;  in  the  paper  now. 
The  same  thing  is  happening  in  electronics.  Ft  will 'probably  he  hap- 
pening in.  industries  like  machine  tools.  I 

I  see  thatNiK  part  of  the  environment  within  which  a  policy  that 
woul<|v  support  ibo  development  of  manufacturing  technologies 
would fyutyv  to  function.  That  is  a  reality:  I  agree  with  the  several 
|je()pi^^fs  im()rning  who  have  said 'that  the  only  way  to  compete  in 
a  vyorliHike  Jjiis  is  to  run  just  as  fast  as  you  can  to  stay  ahead,  I 
think  fefaafs  Absolutely  correct.  That's  what  we  have  to  do. 

Mf.^^KaV.  Your  otKe/  conclusion  was  that  if  we  allow  or  re- 
tJulNjj  tV^h%l(>gy  development  to  remain  the  sol*  responsibility  of 
the  pnviUev^%'tor,  that  that's  going  to  force  technology)  develop- 
irj«ri^{iHto  short  timeframe  kinds  of  projects.  • 
'■Or!  AuOMVs,  I  Ihink  that  that  is  the  case.  It  has  been  thcvcase, 
Agafi^Vt  rije  emphasize  I  don't  mean  by  that  to  criticise  corporate 
h)n ua^('n>4ktW;  I'm  not  of  the  school  that  thinks  we  can^Iame  man- 
ager$ for.  tT^ijjIight  c>f  American  industry.  ♦ 

Mi* IMai-Kay  They  have  got  the  samfc  problem  wo  have  gpt>\ 

Orotic.  Yes  Yes,  they  have,  exactly.  \, 

Mr  iM^p^AY  They  tire  forced  into  a  short  timeframe  just  as 
(\mgrV^iMweed  into  a  short  timeframe. 

Or.  Af!*<VYi»$,  they  are.  *  ^ 


Mr.  MacKay  And  the  accountability  measures  don't  allow  you 
to  talk  about  timeframes  beyond  a  quarterly  report  or  the  next 
election. 

Dr.  Auc.  Yen,  I  agree  completely,  and  I  see  one  of  the  very  valu- 
able function*  of  bills  like  these  before  this  subcommittee  as  ex- 
tending those  time  horizons,  and  that  is  why  I  have  suggested  or 
OTA  has  suggested  that  there  is  a  place  for  permanent  Federal 
funding  in  the  development  of  commercial  technologies.  That  is  to 
extend  the  time  horizons.  I  don't  think  that  Government  should 
.  -  put  in  all  the  money.  I  think  they  should  put  in  some  fraction  of 
the  money.  1  think  that  that's  necessary  for  stability  as  well,  an- 
other point  that  has  come  up  in  several  other  witnesses'  comments 
this  morning,  the  need  for  stability  and  consistency  and  commit- 
ment by  the  Federal  (}overnment. 
Mr.  MacKay.  Thank  you. 

Mr.  Walcirkn.  Thank  you  very  much,  Mr.  MacKay. 
*■    Well,  we  do  appreciate  your  contribution  to  the  hearing  record 
and  your  being  available  to  the  committee. 

That  concludes  today's  hearings,  and  I  want  to  express  my  appre- 
ciation to  both  the  witnesses  and  to  Mr.  MacKay  for  his  interest  in 
this  subject. 

|  Whereupon,  at  12:32  p.m.,  the  Subcommittee  recessed,  to  recon- 
vene at  the  call  of  the  Chair.) 
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FEDERAL  ORGANIZATION  FOR 
TECHNOLOGICAL  INNOVATION 

THURSDAY,  JUN$  14,  1984  \ 

"■  U.S.  House  of  Representatives, 
Committee  on  Science  and  Technology, 

S  U  B  COM  M  ITT  EE  ON  SciENCty  RESEARCH  AND  TECHNOLOGY, 

<         ,  Washington,  Z)C  v 

The  subcommittee  met,  pureuant  to  notice,  at  9;8(La.m.,  in  room 
2318,  Ravburn  House  Office  Building,  Hon.  Doug  Walgren  (chair- 
man of  the  subcommittee)  presiding. 

Present:  Representatives  Walgren,  Brown,  MacKay, '  Lundine, 
Greffg,  Bothlert,  and  Skeen. 
Also  present:  Hon,  Marilyn  Lloyd. 

Mr.  Walgren.  The  subcommittee  will  please  come  to  order. 

Today  is  the  fourth  and  fin&l  day  of  subcommittee  hearings  on 
the  general  subject  of  Federal  Organization  for  Technological  Inno- 
vation, °  • 

This  morning  we  will  hear  witnesses'  comments  on  the  manufac- 
turing and  robotics  legislation  which  was  raised  at  yesterday's 
hearing,  particularly  Hit.  4415  and  H.R.  4047.  We  also  have  before 
us  legislative  proposals  to  establish  aSFederal  Technology  Founda- 
tion which  was  also  discussed  at  earlier  hearings. 

The  basic  question  facing  the  Committee  and  the  Congress  is 
whether  there  is  a  role  for  the  Federal  Government  in  technology 
development.  We  have  heard  a  wide  range  of  view?  on  this  subject, 
ranging  from  the  position  that  the  G&vernment  should  remain  en- 
tirely passive  to  the  view  that  a  Federal  Technology  Foundation  Is 
needed  with  comprehensive  responsibilities  for  at  ledst  generic 
technology  development.  i 

We  arei  especially  pleased  to  have  with  us  this  morning  Senator 
Slade  Gorton,  the  principal  sponsor  ofcS.  1286,  entitled4- the  Manu* 
facturing  Sciences  and  Technology  Research  and  Development  Act 
of  1984,  which  is  the  Senate  Counterpart  of  H.R.  44*6,  supported 
yesterday- by  Mr.  Fuqua.  I  would  certainly  like  to  welcome  the  wit- 
nesses today,  and  particularly  Senator  Gorton.  We  appreciate  your 
comirig  over  and  spending  a  little  time  with  us.  Your  legislation  is 
of  real  interest  to  us.  I  come  from  the  Pittsburgh  area,  and  the 
Lord  knows  we  need  help. 

So,  welcome  to  the  committee.  Please  proceed  to  make  whatever 
points  you\feel>you  would  like  to  make.  We  look  forward  to  a  con- 
tinuing inyolvement  with  you  in  the  discussion  eurroupding  this 
legislation/;  •     \  * 

[The  pwipared  opening  remarks  of  Mi1.  Walgren  foltywf:] 

,    ;    '    '     \  ^89) 4 
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Ol'KWNO  KkMAHKHOr  HoN.  I>C>Ufi  Wamiukn 

TfMluy  im  tho  fourth  and  final  diiv  of  Subcommittee  hoarioRH  on  the?  Subject  MFcd# 
oral  OrKaniattion  lor  TechnoluKigal  Innovation." 

ThiH  morning  we  will  continue  to  review  the  mnnufficturiiiK  lind  Robot it*H  letfitslu- 
.  tion  (ImeUHWMl  at"  yrnterday^  hearing,  namely*  H.R.  4415  and  II. R.  4047,  and  uIho 
review  Home  of  the  legiglative  proppanla  to  entubliah  a  federal  technology  foundation 
'  dim'tinned  at  the  earlier  hearings 

The  bamc  (jUeation  facing  the  Committee  and  the  C'ongreHH  ih  whether  there  ia  a 
role  for  the  Federal  (Jovernment  in  technology  development.  We  have  heard  a  wide 
spectrum  of  viewa  on  thia  iaaue,  ranging  from  the  poaition  t hut  the  Government 
ariould  remain  entirely  puaaive  in  thia  area,  to  the  view  that  a  federal  technology 
foundation  to  needed  with  comprehensive  reaponaibilitiea  for  generic  technology  de- 
velopment acroaa  the  board.  1 

We  are  e^rM'eially  pleuaed  to  have  with  ua  thia  morning,  Senator  Slude  Gorton,  the 
principal  aponaor  of  S,'  12M.  the  Manufacturing  Science  and  Technology  Reaeurch 
and  Development  Act  of  H1H4,  which  ia  the  Senate  counterpart  of  H.R.  4415,  intro- 
duced by  Mr  Fu<|Ua. 

I  would  like  to  welcome  all  our  diatinguiahed  witneaaea. 

STATKMKNT  OK  HON.  SLAMS  (iORTON.  A  UiS.  SENATOR  FROM 
THK  STATE  OF  WASHINGTON 

Senator  (ioktdn.  Thank  you,  Mr.  Chairman.  I  want  to  thank  you 
for  your  most  gracious  welcome  and  kind  words. 

I  am  delighted  to  have  this  opportunity  to  comment  on  H.R. 
44 lf>,  a  bill  to  eftablish  research  and  development  for  improved 
manufacturing  technologies.  As  you  know  and  have  already  stated, 
its  companion,  S.  12HB,  passed  the  Senate  last  week. 

ir  would  also  like  to  indicate  how  impressed  I  am  with  the  very 
thorough  way  in  which  your  subcommittee  is  examining  the  whole 
series  of  initiatives  in  this  field,  because  this  field,  as  you  have 
pointed  out,  is  so  important,  not  just  to  areas  like  you  have  grown 
up  in,  but  to  all  parts  o£  the  United  States  and  to  the  future  of  our 
economy, 

I  know  that  you  are  aware  of  the  factors  which  prompted  the  in- 
troduction of  these  bills,  which  will  provide  Federal  matching 
funds  to  industry,  universities,  States  and  local  governments, 
which  are  interested  in  pursuing  research  and  advancing  manufac- 
turing methods  as  one  means,  one  of  many,  of  building  our  techno- 
logical base,  increasing  our  trained  pool  of  engineers  and  scientists, 
and  strengthening  our  universities.  Let  me  set  out,  nevertheless,  a 
few  facts  which  the  Senate  Commerce  Committee  and,  most  par- 
ticularly, my  Subcommittee  on  Science,  Technology,  and  Space 
found  persuasive. 

*  First,  in  1!)H1,  manufacturing  provided  nearly  a  quarter  of  our 
national  income.  It  accounted  for  more  than  one-fifth  of  all  of  our 
jobs,  and  it  produced  $154  billion  in  goods  for  export.  Second,  in  the 
past  4  years,  employment  in  manufacturingjbas  dropped  each  year, 
from  21  million  jobs  in  197!)  to  IH  milliqriin  1988  due  to  foreign 
imports  capturing  as  mUph  as  !)  percent  of  the  domestic  rrmrket  tor 
manufactured  goods,  for  example,  last  year.  Third,  in  fact,  the 
United  States  had  a  negative  balance  of  trade  in  manufacturing 
goods  exceeding  $U  billion  last  year.  Fourth^  one  reason  for  this 
stiff  foreign  competition  and  the  apparent  inability  of  U.S.  manu- 
facturers to  meet  that  competition  is  obsolescent  manufacturing 
methods  and  pfocMNerf.  In  fact,  more  than  one-third  of  the  Jnanu- 
facturing  equipments  used  by  U.S»  industry  is  20  or  more  y^ors  old, 
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the  highest  percentage  of  old  equipment  for  any  major,  industrial- 
ized nation.  ' 

Further,  to  complicate  the  problem*  oujr  nation's  universities,  tra- 
ditionally a  major  source  of  scientific  and  technological  innovation,, 
are  far  less  involved  in  manufacturing  than  in  other  fields  of  engi- 
neering. This  has  been  a  divorce  which  has  been  long  in  Jhe 
making  and  one  of  which  we  are  reaping  the  bitter  fruits  now.  We 
were  able  to  identify  only  half  a  dozen  universities  with  strong  re- 
— aearchtmd  training  programs  in  manufacturing  Engineering,  a 
narrow  base  indeed  ror  the  extent  of  technological  innovations 
needed  to  remain  competitive. 

Obviously,  there  are  many  elements  in  the  effort  to  remain  com- 
petitive, including  the  education  and  training  of  engineers,  techni- 
cians, And  skilled  workers,  and  a  strong  technological  base.  The  ef- 
forts of  the  Federal  Government,  of  university,  and  industry  to 
.  enhance  our  manufacturing  technologies  and  to  train  the  associat- 
ed skilled  workforce  have  been  limited  and  fragmented. 

There  is  a  second  problem  and  it  may  be  no  less  urgentrln 
recent  years,  manufacturing  technologies  have  advanced  through 
introduction  of  technological  innovations  such  as  the  use  of  com- 

Kuter  assisted  design  and  rfianutacturing,  automated  materials 
gndling  systems,  automated'  storage  ana  retrieval  systems,  and 
automated  sensing  and  testing  systems.  Yet,  U.S.  industries  have 
been  comparatively  slow  in  adopting  these  innovations.  It  is  critical 
to  stimulate  the  research  of  more  ifficient  manufacturing  technol- 
ogies, but  it  is  also  critical  to  encourage  greater  utilization  of  those 
technologies  when  they  ar$  avai^tble.  / 

I  believe  this  issue  to  be  very  important  and  often  overlooked 
when  universities  and  their  role  are  aiscussed.  It  is  not  only  a  ques- 
tion of  advancing  the  scientific  and  technical  capabilities  of  our 
manufacturing  industry,  but  also  of  having  these  technologies  in- 
corporated into  our  daily  economic  lives.  This  technology  transfer 
is  as  important  as  creating  new  developments.  It  operationalizes 
and  gives  life  fcb  research  findings,  As  a  result,  H.R.  4415  and  S. 
1286  have  a  two-tiered  approach,  research  and  utilization  of4  re- 
search. 

These  bills  provide  support  foj  fundamental  new  knowledge  to 
underlie  further  advances  in  the  field,  cooperative  ftiqding  for 
more  applied  work  which  proceeds  commercialization,  and  experi- 
mental activities  which  focus  on  the  human  dimension  of  increased 
automation.  These  elements  are  appropriately  backed  up  by  an 
evaluative  function  and  an  external  advisory  committee. 

One  particular  provision  of  these  bills,  the  Centers  for  Manufac- 
turing Research  and  Technology  Utilization,  are  a  hallmark*of  the 
legislatibn.  In  many  cases,  industry  has  the  machinery  and  equip- 
ment and  the  knowledge  of  what  it  needs  in  technology  develop- 
ment. At  the  same  time,  universities  have  the  expertise,  education* 
al  qualification^,  and  technical  breafth  not  cbmmqn  to  industry, 
but  they  may  lack  the  physical  resources.  Certainly,  where  these 
conditions  exist,  there  is  an  opportunity  for  a  symbiotic  relation- 
ship of  benefit  to  all.  In  addition/the  centers  offer  the  opportunity^ 
to  expose  future  young  engineers  to  the  importance  of  manufactur- 
y  ing  engineering,  traditionally  a  discipline  less  sought  after  within 
the  engineering  field  than  many  others. 
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One  final  point  which  I  would  like  to  stress  about  U.K.  4415  and 
S.  128(5,  because  it  was  emphasized  to  me  at  our  5  days  of  hearings 
♦  \ across  the  Nation.  When  we  speak  of  advanced  manufacturing 
methods,  we  are  not  just  talking  about  high-tech  industries.  The 
older,  established  industries  to  which  you  referred,  Mr.  Chairman, 
are  frequently  overlooked  coring  discussions. of  the  development  of 
more  sophisticated  manufacturing  techniques  and  devices.  Howev- 
'  er,  the  survival  of  many  established  industries  is  dependent  on  the 
development,  application,  and  implementation  of  state-of-the-art 
production  technology.  These  industries  must  utilize  the  most 
modern  equipment  in  order  to  survive  in  today's  fiercely  competi- 
tive international  markets.  « 

Members  of  the  subcommittee,  1  believe  that  a  critical  aspect  of 
the  international  economic  position  of  the  United  States  is  its  capa- 
bility to  maintain  its  leadership  in  manufacturing.  However,  to 
maintain  that  leadership,  the  United  States  must  increase  its  sci- 
entific base  for  manufacturing  technologies.  H.R.  44JJ)  and  S.  128(5 
address  this*  issue  and  offer  one  approach  tq  maintaining  U.S.  lead- 
ership in  manufacturing. 

I  would  like  to  thank  you  for  this  opportunity  to  discuss  these 
important  bills  with  you  and  would  answer  any  question  or  provfde 
any  assistance  which  may  be  possible  for  me  to  do. 

Mr.  Wauikkn.  Thank  you  very  much,  Senator  Gorton. 

My  history  or  my  involvement  in  this  area  doesn't  go  back  that 
fat.  When  I  came  to  the  Science  and  Technology  Committee,  they 
were  well  down  the  road  on  the  SteVenson-Wydler  Act;  art  act,  as 
you  know,  that  was  almost  unanimously  supported  ill  the  Congress. 
1  am  trying  to  remember  what  it  passed  the  House  by,  but  there 
surely  wasn't  much  controversy.  I  am  sure  the  same  was  true  On 
the  Senate  side.  Yet,  nothing  seems  to  happen.  There  has  been  no 
funding  of  that  act,  in  general,  particularly  of  the  centers  which 
were  designed  to  encourage  some  of  the  things  that  your  universi- 
ty-industry centers  would  do. 

May  I  ask  what  is  your  view  of  the  reasons  we  run  into  so  much 
resistance  in  this  area?  What  is  blocking  us? 

Senator  Gorton.  That  is  a  very  good  question,  Mr.  Chairman. 
Some  of  it,  obviously  originates  outside  of  the  Congress,  simply  a 
combination  of  inertia  and  desperate  attempt  to  find  ways  in  which 
to  reduce  budget  deficits  which,  generally  speaking,  means  there  is 
an  intense  amount  of  opposition  to  funding  any  new  kinds  of  pro- 
grams. 

Part  of  it,  it  seems  to  me,  lies  within  the  Congress  "itself,  and  the 
immense  gulf  between  the  positions  which  you  an<$I  hold  working 
on  the  future,  working  on  tha  authorization  of  programs  Which  we 
i     feel  necessary,  but  doing  so  itra  way  in  which  our  companions  who 
■  *  hold  the  purse  strings  (fhce  we  have  produced  something  of  sub- 
K\    stance,  play  ntJ  significant  role  in.  Maybe  to  a  certain  extent  some 
|   of  the  fault  lies  with  us,  because  we  go  through  these  hearings 
where  tffc*  work  very  diligently  on  these  problems.  We  triumph  and 
celebrate  when  we  get  a  law  passed  and  signed,  and  then  wa  sit 
bttclt  without  doing  as  much  as  Vfe  ought  to  to  age  to  it  that  they 
are,  in  fact,  funded, 

I  might  note  that  the  administration  is  supporting  a  new  set  of 
engineering,  National  Science  Foundation  engineering ,  centers 
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which  are  really  qUitti  similar  to  those  which  are  proposed  in  this 
bill.  It  may  very  well  be  that  if  we  are  able  to  authorize  these,  we 
Can  get  the  support  to  which  we  have  not  been  accustomed  from 
outside  of  the  Congress  for  actually  seeing  to  it  that  what  are,  after 
all,  still  abstract  tdeas  when  they  are  authorized  become  reality  by 
being  funded. 

Mr,  Wau;rkn,  It  does  seem  so  sad,  at  least  from  a  national  inter- 
est standpoint,  that  we  seem  to  be  unable  to  react  unless  we  really 
are  on  the  verge  of  a  real  catastrophe  of  some  kjnd,  I  know  the  en- 
gineering ^enters  that  the  National  Science  Foundation  is  support- 
ing at  this  point  have  really  come  about  only  because  the  engineer- 
ing community  was  about  to  walk  out  of  the  Foundation  or  try  to 
say  that  they  felt  so  neglected  in  the  overall  scheme  of  things  and 
the  decisionmaking  structure  of  the  foundation  that  they  felt  that 
the  engineering  siae  was  simply  dying  on»the  vine. 

Senator  Gorton.  On  reflection,  you  are  absolutely  right.  We 
need  to  try,  and  they  need  to  try  as  well,  to  build  some  outside  con- 
\     stituencies  for  working  on  these  programs  to  show  more  interest  in 
\    them  and  more  willingness  to  lobby  for  them  than  has  been  the 
\  case  in  the  past. 

Mr.  Waixjren.  Do  you  have  any  perspectives  on  how  much  of 
this  balance  of  trade,  the  worsening  balance  of  trade  in  manufac- 
turing goods,  is  related  to  what  may  be  a  relatively  short-term  ab- 
normal strength  of  the  dollar  versus  long-term  decline  in  our  com- 
petitiveness? 

Senator  Gorton.  That  is  a  magnificently  appropriate  question, 
Mr.  Chairman.  At  10:30,  I-«m  to  be  back  on  jny  own  side  of  the 
Capitol  with  the  senior  Senator  from  your  State  at  a  hearing  which 
is  entitled  "Oversight  on  Effecifs  (Atbe  High  Value  of  the  Dollar." 
It  is  rather  interesting  that  you  would  bring  that,question  up  at 
this  point. 

However,  the  answer  is  obviously,  when  we  look  at  the  kinds  of 
trade  deficit  with  which  we 'are  faced  today  and  even  at  some  of 
the  figures  which  I  cited  in  my  formal  ^testimony,  there  alfe  what 
we  fervently  hope  to  be  major  short-range  factors  which  irtipaet  on 
them.  The  most  significant  of  these  is  the  high  value  of  the  dollar 
which,  of  course,  is  related  to  high  interest  rates  which,  in  turn,  is 
related  to  the  huge  budget  deficits  which  we  are  running. 

In  addition  to  that,  some  of  the  probjem  is  created  by  Third 
World  or  even  second-world  debt  to  us  and  demands  by  internation- 
al banking  organizations  that  they  ehhance  their  exporting  abili- 
ties and  cut  back  on  imports.  Nevertheless,  having  said  that  per- 
haps in  a  strict  dollar  point  of  ^iew  that  that  may  be  the  most  im- 
portant single  factor  in  our  tremendous  adverse  balance  of  trade 
today,  the  challenges  which  we  are  discussing  here  from  a  Jong- 
range  point  of  view  may  even  be  greater.  We  have  seen  so  many 
nations  in  this  world  which  wdre  at  the  leading,  cutting  edge  of 
technology  flit  back  and  not  work  to  keep  ahead,  not  work  to  keep 
at  that  cutting  edge,  cause  a  divorce  between  the  academic  world 
and  the  government  and  the  private  .sector  and  find  themselves  on 
a  tread  mill  that  they  simply  can't  get  off. 

I  suspect,  Mr.  Chairman,  that  vou  arid  members  of  the  committee 
have  read  some  of  the  aeries  of  articles  that  have  appeared  very 
recently  in  the  Washington  Post  about  Western  Europe  and  about, 
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exactly  the  problmiiH  it  Huh  in  that  respect  and  about  its  envy  of 
our  technological  capabilities  and  willingness  to  do  things.  Well,  I 
think  in  many  respects  those  articles  overstated  how  innovative  we 
are,  but  it  does  show  that  we  respect  innovation.  It  does  show  that 
we  htjve  tried  to  support  it,  and  it  is  much  easief  to  meet  thesfe- 
challenges  when  they  are  relatively  minor  in  -comparison  with 
Western  Europe  bv  engaging  in  the  kind  ofifinitiatives  we  are  talk- 
ing about  here  than  it  is  to  get  ourselves  into  the  situation  of  Great 
Britain  or  even  West  Germany  or  France  and  try  to  recover  when 
you  are  really  on  the  downhill  slope.  It  is  one  of  the  reasons  that 
this  set  of  hearings  ^nd  the  sort  of  things  we  are  talking  about  are 
so  important.  j  I 

Mr.  Walgrkn.  Well,  having  a  Senator  here,  I  can't  resist  telling 
you  my  favorite  little  anecdote  in  this  area  and  to  encourage  you, 
in  those  parts  of  your  bill  in  which  you  evaluate  in  some  sense  the 
social  impact  of  these  changes,  Someone  once  said  that  the  only 
time  that  we  went  through  similar  changes  in  our  economy  was 
when  we  brought  the  tractor  onto  the  farm  and  the  rmyor  shift  of 

,our  population  went  from  the  &rms  to  the  cities.  At  the  same  time 
that  they  did  that,  no  one  stopped  to  ask  how  many  unemployed 
horses  there  were,  I  really  think  that  as  we  gO  through  this  change 
I  hope  that  at  every  point  along  the  line,  people  like  yourself  and 

-others  on  this  side  will  take  full  account  of  that.  Although  we  are 
Very  proud  of  the  increased  productivity  on  the7  farms,  the  major 
social  problems  tha^  have  threatened  our  country's  well  being  and 
taken  the  lives  of  a  number  of  people  have  been  the  social  prob- 
lems that  arose  in  the  center  cities  of  the  country  which  are  large- 
ly the  disregarded  product  of  not  thinking  about  the  results  of  that 
social  change. 

I  know  tnat  whence  try  to  raise  children  now,  I  look  back  and 
ask  myself  if  we  had  handled  that  change  a  little  better,  and  asked 
about  its  social  impact,  and  then  taken  care  of  some  of  the  social 
impacts,  maybe  my  children  would  not  be  as  threatened  by  some  of 
the  dangers  of  growing  up  in  our  time. 

Senator  Gorton.  You  are  entirely  correct,  Mr.  Chairman. 

Mr.  Waixirkn.  So,  I  really  want  to  encourage  you  to  think  of 
that  dimensioh,  too. 

I  want  to  recognize  my  colleagues  and  ask  Mr.  Lundine  to  take 
the  chair,  if  he  would,  by  prior  arrangement,  and  recognize  Mr. 
Brown  for  discussion. 

Mr.  Brown.  Senator*  it  is  a  genuine  pleasure  to  have  you  here 
this  morning  and  to  have  your  legislation  before  us.  4  say  that  be- 
cause I  think  you  know  this  committee  has  been  interested  ijp  thip 
subject  for  10  years  or  more.  As  the  chairman  indicated,  we  have 
wrestled  with  the  best  way  to  proceed  to  develop  some  sort  of 
action  in  this  area,  going  back  to  the  passage  of  the  Stevenson- 
Wydler  Act.  Both  I  and  other  members  of  the  subcommittee 
worked  with  {Senator  Stevenson,  who  was  your  predecessor  and 
chairman  of  the  subcommittee  on  this  and  similar  kinds  of  issues. 
We  seem  to  have  run  into  somewhat  of  a  logjam.  I  don't  think  it  is 
too  difficult. to  perceivo  some  "of  the  reasons  for  it.  We  really  are 
operating  h*»re  in  a  hazy  area  ofwYat  is  the  proper  role  of  the  Fed- 
eral Government.  Obviously,  this  administration  wants  to  be  very 
cautious  in  moving  into  this  area. 
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I  think  it  is  true' that  jf  they1  had  wished  to  move  aggressively, 
they  could  have  implemented  the  Stevenson-Wydler  Act  and  ac-  ',' 
complished  most  of  what  youfr  bill  proposes,  but  that  again  meant* 
endorsing  a  broader  concept  than  I  think  they  wanted  to  endorse. 

I  perceive  this  bill  that  you  have  so  carefully  constructed  here  tis 
being  sort  of  a  demonstration  which  will  allow  us  to  explore  the 

f>roper  role  of  the  Federal  Government  in  this  very  delicate,  prob- 
em  of  how  we  maintain  our  economic  competitiveness  in  the  world 
market  which  is  the  broader  problem  that  is  facing  us  here.  I  think 
.that  v'our  initiative,  the  action  that  the  Senate  has  taken  injlfess- 
ing  this,  is  an  extremeJy  hopeful  sign.  I  wanted  to  indicate  Jjat  to 
you.  I  think,  unless  w£  run  into  some  partisan  jealousies  flrsjme- 
thing  of  the  sort,  that  the  House  should  arty  I  hope'will  ajltprompt- 
ly  to  pass  thin  bill.  I  would  like  to  suggest'  that  it  vtopabe  appro- 
priate to  title  it  as  the  Gorton-Fuqua  AcMn  recognition  of  the  two 
lead  sponsors,  and  that  we  consider  it  as  a  prototype  or  qi  demon-  « 
stration  of  how  we  can  most  effectively  accomplish  the  iob  that 
nefrds  to  be  done  without  intruding  into  domains  that  we  shouldn't 
*       get  into.  :  f 

\jet  rfie  say  to  you,  and  I  will  ask  you  to  respond  to  this,  I  don't 
think  the  primary  problem  is  going  to  be  getting  the  legislation 
•passed.  I  think  the  primary  proolem  will  be  getting  the  Secretary 
and  the  executive  level  to  agree  that  this  is  a  useful  initiative. 

Let  me  give  you  an  illustration  of  the  problem  there.  The  admin- 
istration is  supporting,  in  the  Department  of  Agriculture,  a  new 
scientific  initiative,  a  biotechnology  program,  requesting  $20  mil- 
lion for  nejjt  year,  considerably  larger  than  you  are  requesting  for 
this  extremely  important  initiative.  However,  they  are  justifying  it 
because  it  is  basic  research.  This  is  applied  research,  and  the 
boundary  line  between  the  two  is  the  area  of  difference. 

In  the  biotechnology  initiative,  the  results  are  likely  to  tie  some- 
what  the^same  as  you  are  proposing  for  manufacturing.  Today,  the 
time  lag  between  the  development  of  a  new  biotechnology  and  its 
application  in  tNfe  field  can  be  measured  in  months.  There  is  no 
looker  a  clear  distinction  between  the  applied  and  the  basic  re- 
fleffrah  in  this  particular  area.  It  would  take  longer,  because  of  the 
complexity  of  the  problem,  to  actually'get  into  the  industry  sofrie  of 
the  things  that  We  would  learn  in  this  applied  research  project\hat 
you  are  proposing.  So,  the  time  lag  cannot  be  the  distinguishing 
feature,  and  there  are  other  kinds  of  similar  problems. 

What  I  am  suggesting  to  you  is  that  this  Administration,  which 
has  been  so  dedicated  in  its  support«of  basic  research  as  the  new 
biotechnology  initiative  illustrates,  needs  to  have  its  thinking  sensi- 
tized a  little  bit  as  to  where  the  boundaries  are  here  and  what  is 
the  appropriate  role.  For  that  purpose,  ydU  are  in  a  key  position  to 
carry  to  the  Secretary  and  to  the  leaders  in  the  administration  this 
concept  that  this  ia  an  appropriate  boundary  that  you  are  drawing 
*  and  it  ought  to  be  explored. 

Would  you  care  to  react  to  that? 

Senator  GmrroN.  Thank  you  very  much,  Mr,  Brown.  First,  I  want 
to  say  that  I  strongly  suspect  that  you  are  right  that  securing  the 
passage  of  a  bill  m  this  nature  Is  going  to  be  the  easier  half  of  the 
task  of  actually  bringing  it  into  fruition  and  seeing  to  it  that  some- 
thing tangible  happens.  I  Jhink  you  have  also  put  your  finger  on 
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both  one  of  the  reasons  for  Jthe  bill  and  one  of  the  reasons  that  this 
implementation  may  be  rather  difficult. 

It  is  that  it  is  so  easy  and  so  attractive  and  so  with  it  in  today's 
society  with  today's  attitud6s  to  deal  with  subjects  like  biotechnol- 
ogy.  Anything  that  even  has  a  high  tech  sound  to  it  meets  with  a 
great  deal  of  favor.  Yet,  one  of  the  reasons  we  introduced  this  bill 
for  manufacturing  technologies  was  t^at  it  didn't  have  all  of  that 
romance  behirtd  it.  While  manufacturing  technologies  are  very 
clearly  what  has  built  the  United  States  to  the.  point  which  it  has 
reached  today,  it  not  only  is  it  something  of  a  stepchild  of  the  Fed- 
eral Government,  but  perhaps  more  importantly,  from  the  perspec- 
tive t)f  this  bill,  it  is  a  stepchild  of  the  academic  community  as  well* 
The  hope  that  we  could,  with  a  modest  Federal  role,  bring  more 
closely  together  the  academic  community  an$  the  manufacturing 
community  in  this  country  to  retain  and  regain  the  leadership 
which  we  have  had  is  the  basic  motivation  behind  the  drive  for  this 
bill. 

It  isn't  going  to  be  easy  to  sell  the  next  step  to  the  administra- 
tion. All  of  you  are  verv  well  aware  of  the  fact  that  even  if  we  pass 
it  and  authorize  something  for  it,  nothing  is  going  to  happen  until 
we  persuade  our  colleagues  and  the  administration  actually  to  fund 
it.  However,  it  is  an  important  goal,  and  I  thank  you  for  your  com- 
plimentary remarks. 

Mr.  Brown*  Let  me  comment  a  little  bit  further.  The  task  might 
not  be  as  difficult  as  it  appears  if  we  get  the  right  people  to  sit 
down  and  look  at  the  right  agenda.  I  say  this  because  the  Adminis- 
tration knowingly  or  unknowingly,  already  are  supporting  some 
initiatives  in  this  area.  For  example,  the  National  Bureau  of  Stand- 
ards has  a  center  for  automated  manufacturing  technology.  They 
are  proceeding  within  their  own  mandate  to  encourage  and  facili- 
tate some  developments  witin  the  industry.  Likewisfe,  the  National 
Science  Foundation  is  supporting  some  applied  research  in  this 
fields  t 

Wnat  your  bill  does  is  give  it  a  focus,  a  visibility,  and  make  it 
clear  that  this  is  a  national  priority  which;\is  not  the  case  with 
these  rather  low-level  activities  that  are  going  on  at  the  present  \ 
time.  However,  the  difference  is  not  bne  of  substantial  policy  con- 
cern. It  is  one  of  level  and  vi&ibilitjl  more  than  anythlhg  else.  I 
think  if  the  leaders  in  the  administration  become  aware  of  this  and 
the  stature  that  this  could  contribute  to  our  national  posture,  they 
might  be  willing  to  treat  it  as  their  response  to  some  of  thjs  pres- 
sure to  have  a  national  industrial  policy. 

Our  initiatives  over  here  have  suffered  frorn  bfing  too  grandiose, 
in  most  cases*  because  Democrats  tend  to  feel  that  the  role  of  the  U 
Federal  Government  is  to  save  the  world.  The  Republicans  are 
more  circumspect  and  .probably  are  better  based  in  trying  to  move 
more  slowly  in  doing  that.  1  think  thif*  is  a  real  opportunity  and  1 
commend  you  for  it. 

Senator  Gorton.  I  think  I  can  do  well  not  to  respond  to  your  last 
statement.  [Laughter.] 

Mr.  Lundink.  I  ask  unanimous  consent  that  the  gentleman  be  al- 
lowed to  revise  and  extend  his  remarks.  [Laughter.]  % 

I  must  say,  Senator,  that  while  I  share  s*me  of  my  friend  and 
distinguished  colleague's  points  of  view,  I  am  a  bit  more  skeptical 


ERIC 


450 


447  ? 


¥ 


thijfi  he  fa.  The  height' of  my1  skepticism  hys  to  do  with  where  you 
Meet  thj»  responsibility  lor  this  function  to  lie  in  your  bill.  We 
pulsed  the1  StevensonXvydler  Act  und  congratulated  ourselyes  and 
rubbed  our  hands  together  apd  said  we  solved  that  problem.  We 
would  go  on  to  otjier  things,  but  not  one  single  thing  has  happened.  * 
It  is  lodged  in  the  Department  of  Commerce.  They  nave  been  actu- 
ally, by  that  law,  mandatetH^o  establish  manufacturing  technology 
centers.  They  have  not  done  so> 

If  we  pass  your,  bill,  what  leads  you  to,  think  that -they  will  go 
ahead  and  do  anything  more  than  .thay  have  done  with  Stevenson- 
Wydler?,  " 

Senator  Gorton.  Mr.  Chairman,  I  have  no  preemptive  answer  to 
that  question  bv  any  stretch  of  the  imagination,  I  hope  that  the 
Secretary  would  do  so.  We  have  tried  tp  work  with  the  administra- 
tion in  putting  this  bill  together  and  hearing  from  them  with  their 
testimony  before  the  Senate  on  it,  That  is  not  to  say  by  any  stretch 
of  the  imagination'  that  this  is  an  initiative  of  the  Secretary  of 
Commerce  or  of  the  Administration  as  a  whole.  Perhaps  the  State- 
ment which  Mr.  Bro^vn  made  may  be  the  best  answer  and  provide 
the  best  hope.  This  is,  for  all  my  pride  of  authorship,  a  modest  ini- 
tiative. It  is  not  fhe  fcroad'scale,  by  any  means.  It  is  focused  dn  one 
particular  field., It  certainly  is  my  great  hope  that  it  W|ll  do  some 

'gootM  will  use  such  influence  ,as  Inave,  if  thabill  passed  not  only 
to  see  to  it  that  there  is  an  appropriation  for  it  but  to  see  th  it  that 
it  is  carried  out  by  the  administration  and  by  the  Secretary  of 
Commence.  I  cftn't  give  you  any  guarantees  on  that,  but  it  repre- 
sents, in  one  sense,  after  the  Stev<*rrson  bill,  a  second  or  perrmps 
even  beyond  that,  a  rejteration  of  Congress  of  its  interest  in  tn\^ 
field.  It  may  have  some  value 'just  in  that  sense  alone, 

-  Mr.  Lundin.k.  It  just  occured  to  me,  have  you  discussed  it  with 
anyone  who  is  involved  in  the  President's  Commission  on  Industri- 
al Competitiveness?  Maybe  if  they  would  recommend  this  limited, 

.  modest  approach,  that  would  be  helpful. 

Senator  Gorton.  We  have  had  staff  to^staff  meetings  on  that  and 

-have  discussed  it  at  that  level. 

Mr.  Lunoink.  Mr.  Gregg?      •■  « 
Mr.  (|KK(Ui.  Thank  you.  Welcomer  Senator,  to  the  committee,  I 

Jnave  always  been  $n  admirer  of  the  "Senator's,  and  I  appreciate  his 
coming  .to  testify  on  the  bill  which  seems  to  me  to  have  some  signif- 

'  irandmerit'to  it.  I  have  some  of  the  problems  which  Mr,  Lundine 
mentioned.  I  think  NSF  is  probably  a  more  logical  place  to  fjtruc- 
t,ure  this  entity.  I  think  we  would  probably  get  more  attention  and 
it  would  probably  be  more  effectively  carried  forward  than  setting 
it  up  separately  or  even  putting  it  in  Commerce.  That  would  be  my 
only  comment. 

'  It  also  seems  that  the  chairman,  who  is  not  here  today,  is  from 
Dartmouth,  t  notice  the  sponsor  is  from  Dartmouth,  and  the  Ap- 
propriation Committee  chairman  is  from  Dartmouth.  I  happen  to 
represent  Dartmouth.  It  may  be  a  logical  place  for  this  center  to  be 
placed. 

Other  than  that,  I  congratulate  the  Senator  for  coming.  Thank 
you,  Senator. 
Senator  Gorton.  Thank  you  yory  much. 
Mr.  LuNmr^K.  Mr.  Skeon? 
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Mr  Skkkn.  I  have  no  direct  quorums.  I>  too,  want  to  add  my  wel- 
come to  the*  Senator,  lie?  has  to  put  up  with  my  Senator  on  the 
Budget  Committee,  1  nee,  ho  you  njnd  Domenici  make  a  pretty  good 
pair  over'there.  I  do  appreciate  your  interest  in  this  problems  I 
have  been  a  "little  amused  at  some  of  the  comments  here  today.  We1 
.need  to  become  very  nonpartisan,  I  think,  when  you  are  dealing 
with  thin  kind  of  issue.  It  has  been  an  ongoing  ope  kver  tfirice  my 
experience  in  (Congress,  which  has  been  very  short,  but  it  is  one 
that  1  think  deserves  the  kind  of  attention  that  we  get  both  from 
the  House  and  from  the  Senate.  I  jjMjnt  to  commend  you  on  your 
approach,  Senator.  ,  * 

Senator  Gorton!.  Thank  you.  As  you  know;  your  experi&hce  and 
my  experience  hhve  been  identical  in  length  at.  this  point  *but  I  can 
say,  astyou  have,  that  there  has  been  rvo  slate  with  paVtisanship 
•  with  this  particular  subject  in  the  Senate  either,  and  I  am  mosf  en- 
couragedtw  the  response  I  have  Kud  here  this  morning. 

Mr.  Skkkn.  I  enjoyed  Mr.  Browns  endorsertient,  tjnd  Mr.  Lun- 
dine's  expectation  that  the  wdnderful  things  we  do  here  in  Con- 
gress, once.  v«plant  that  seed,  no  master  what  kind  of  soil,  some- 
times viirv  stFrile,  that  we  ought,  td  stand  back  and  let  it  grow. 
Sometimes  it  just  dfbedn't  happen  that  way,  but  J  enjoy  his  enthusi- 
asm, s.  >  '  # 

Thank  yop,  Mr.  Chairman.  ' 

Mr.  Lunijink.  Mrs.  Lleyd,  do  you  have  any  questions?  * 
Mrs*  Li.OYy.  I  have  no  questions,  Mr.  Chairman. 
Mr.  Lun  dink.  Thank  yo\\  very  much^rSenator.  We  deeply  appreci- 
ate your  leadership.  My  skepticism  has  nothing  to  do  with  your 
visipn  or  your  Conceptualization  of  it.  We  apprecf&te  your  cqming. 

Senator  Gorton.  Mr.  Chairman,  I  am  pleased  to  hiaye  been  with 
yc/u  this  morning.  ,  -   *  v 

Mr.  IPlindink.  The  next  witness  will  ,be  Mr.  William  Carpenter^ 
and  I  would  likk  to  call  on  pur  colleague,  Mrs,  Lloyd,  who.1  think 
would  like  to  introduce  him*'  4  r 
Mrs.  Lloyd.  Thank  you,  Mr.  Chairman.  I  certainly  would  like  to 
-  introduce  Mr.  Carpenter  today.  Atr  the  outset,  Jet  me  explain  that 
when  I  leave  at  the  end  of  this  introduction,  it  is  not  because  of  a 
lack  of  respect  for  Mr.  Carpenter,  but.  I  have  to  appear  before  the 
Public  Works  Committee  to  testify  on  my  bill  to  name  the  Depart- 
ment of  Energy  building  in  Oak  Ridge  after  the  late  Congressman 
Joe  Evans  which  we  are  also  concerned  about;    *  < 

We  are  happy  to  be  here.  I  appreciate  your  invitation  to'paYtici- 
pate  today  by  introducing  Mr.  Carpenter  who  is  the  vice  president 
for  Technology  Applications  of  Martin-Marietta  Energy  Systems,  * 
Inc.  As  ybu  know,  Mr.  Chairman,  the  Martin-Marietta  Energy 'Sys- 
tems took  over  t  he  operation  of  the  Oak  Ridge  facilities  earlier  this 
year.  I  might  add  my  personal  perspective  that  the  winds  of  change  m 
have  been  blowing  through  the, hilts  of  uastern  Tennessee  in  a  most 
refreshing  manner  ever  since.  From  what  I  have  seen  so*far  in 
terms  of  the  MartinrMarietta  approach,  I  hdpe  this  will  be  the  first  ^ 
appearance  in  a  series  of  Martha  personnel  providing  the  commit-  »■ 
tee  with  a  variety  of  perspectives  oh  techrrologvi  transfer  require- 
ments bet  ween  the  Fedeiaf  (ftivernment  and  industry.  Mr.  Carpen- 
ter's insights  are  certWnly  valuable,  And  without  preempting  his 
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testimony,,. I  would  nfcKJo  cull  the  attention  of  the  subcommittee 
,  members  \q  two.  very  imJWt&nt  pointH  in  his  statement. 

He  points  out  that  the  U.S.  manufacturing  industry  constitutes 
two»thirc)jjvoF  the  real  wealth-creating  sector  of. the  economy.  The  q 
other  -(Qiiiap  elements  of  this  sector  are  agriculture  and  construe- 
,tiyn.  S&ortdly,  he  emphasized  the  national  security  implications 
,  provicl|h^;  so)ne short-term  production  for  the  U.S.  machine  tool  in- 
,  (lustry^j^n)  keenly  aware  of  this  compelling  argument  from  my 
duties  on  tft§  Armed  Services  Committee  and  its  technology  trans- 
fer p&iiel.   r.  ^ 

I*«rfci0 also  pleased  to  note  that  in  Mr.  Carpenters  discussion  of 
the  in'^r»requirementsfor  manufacturing  centers  he  notes,  "An 
apprfCwtion  fon  quality 'must  be  embedded  in  all  stages  of  manu- 
facturing as  well  as  in  the  final  production."  I  believe  that  is  a  suc- 
cinct ^message  that  must  be  delivered  to  every  corner  of  American 
jnrfu&tay.  It  is  not  enough,  in  our  competition  vVith  the  Japanese, 
forv instance,  to  say  remember  Pearl  Harbor,  as  is  thematic  of  some  4 
well  intended  but  potentially  counterptoductive  legislation.  Neither 
istt  useful  to  dwell  .on  the  unfair  advantages  which  they  apparent- 
ly enjoy  through  MITI  or.  other  aspects  of  their  government-indus- 
try* coo  p^  ration  /  % 
I  would- also  urge  the  members  of  thfcf subcommittee  to  learn 
more  about  the  Martin-Marietta  initiative  in  manufacturing  sys- 
tems engineering  with  the  Ofak  Ridge  National  Laboratory  and  the- 
University  of  Tennessee.  I  believe  .that  this  initiative  and  its 'poten- 
tial fruits  should  bo  a  stimulus  for  going  ahead  with  a  distin- 
guished engineer*  program  peSvireen  the  Oak  ftidgfc  contractor  and 
the  untversitjirsyKfem.  I  kripw  that  other  entities  with  a  major  tech- 
nologieal  stake  In  Tennessee,  s.iieh  as  TVA,*are  viewing  these  devel- 
opments  with  keen  interest.                       .  ' 

Mr.  Carpenter  has  IH  yehrs  of  experience  with  Martin-Marietta 
and  was  a  principal'  contributor  in  Martin-jyiarietta's  successful 
competition  for  the  IX) K  facilities  management  program  at  Oak  ^ 
Kidge.  Mr.  Carpenter,  from  your  background,  I  can  see  that  you  w 
are  extremely  well  suited  to  Pr^i|hfej^with  a  very  valuable  per- 
spective on  technology  transfer  ^glwfl'  robotics  and  related  tech- 
.  -  oologies.  It  is  a  pleasure  to  hMjfflpr?  opportunity  to  introduce  you 
%  *  today,  and  I  want  to  thank  youTMr.  Chairman,  for  allowing  me 
this  privilege.  ,  '    "  • 

Mi>Lundink.  Thank  you,  Mrs.  Lloyd. 

Mr.  Carpenter*  we  have  your  written  statement.  It  will  be  made 
a  part  of  the  reCofld  in  its  entirety.  You  may  proceed  as  you  wish. 

STATEMENT  0^  WILLIAM  CAHPENTEtt,  VICK  PRESIDENT,  TKCII-  < 

NOL'utif  application;  MARTIN-MARIETTA  energy  systems,. 

*  INC,  ; 

Mr.  (!arpj»;ntkk.  Thank  you  very  rnUCh,  Mr.^  Chairman,  and 
thank  you,  Mrs.  Lloyd,  for  your  kind  introduction*  You  have  made 
so  well  some  of  the  points  that  I  l)ave  included  in  my  Written  testi- 
mony. 

Mi;,  Chairman*  I  have  brought  with  me  this  morning  two  gentle- 
men who  bring  special  expertise  to  the  subject  of  our  discussion, 

eric!        -       ,.    i53.fr  . 
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On  my  right  \k  Dr.  Douglass  of  Martin-Marietta  who  is  one  of  lead- 
ing corporate  experts  cm  manufacturing  technology!  On  my  left  is 
Home  little  evidence  that:  the  divorce  that  Senator  Gorton  referred 
to  is  not  complete.  I  have  Dr.  Snydef  from  the  University  of  Ten- 
nessee in  Knoxville.  We  have  been  wroking,  as  a  corporation,  very 
closely  with  the  University  of  Tennessee,  as  Mrs.  Lloyd  indicated, 
1n  the  preliminary  planning  of  the  manufacturing  systems  engi- 
neering center  which  is  very  similar  i ri  scope  and  intent  to  those 

*it  would  be  encouraged  and  established  by  the  legislation  that 
i  are  considering. 

The  nature  of  my  discussion  today*  Mr.  Chairtnan,  will  be  pri- 
marily* to  summarize  some  of  the  points  included  in  my  written  tes- 
bny  and  to.supplement  them. 

he  character  of  Martin-Marietta  Corp.  has  long  centered  around 
manufacturing  concerns.  A  great  deal  of  our  corporate  activity  de- 
rives from  manufacturing  technology  of  the  highest  state  of  the 
art.  Much  of  our  corpora^  activity  is  involved  in  low  volume  pro- 
duction ofi aerospace  systems. 

We  are  finding,  particularly"  within  the  last  5  yeafs?  or  the  last  10 
years  t  hat  the 'environmental  requirements  and  the  operational  re- 
quirements associated  with  the  systems  that  we  are  producing 
present  as  much  risk  in  our  ability  to  manufacture  them  as  they  do 
our  ability  to  develop  them.  So,  our  interest  as  a  corporation  in  the 
concerns  that  you  are  considering  is  compelling  indeed. 

M.rs.  Lloyd  referred  to  our  rather  recent  invrilvemtoit  in  the  De- 
partment of  Rnergy  wherein  We  operate  the  four  plants  for  DOET* 
located  in  Oak  Ridge  and  Paducah.  One  of  thofp  plants,  the  largest 
of  the  four,  is  the  Oak  Ridge  Y-12  weapons  plant.  Jt  }s  the  primary 
mission  of  that  plant  to  produce  components  for  our  huclear  weap- 
ons. It  is  involved  in  very  highly  specialized  manufacturing  and 
machining  operations  unci  has,  since  its  very  inception,  been  in- 
volved in  leading  state  of  the  art  issues  in  manufacturing.  That  is 
wljat  has  particularly  driven  our  corporate  interest  in  the  bills  that 
you  are  considering. 

We  have  observed  much  of  the  other  testimony  that  has  been 
presented  to  you,  sir.  We  find  that  them?  has  been  great  outside  au- 
thority associated  with  establishing  the  position  and  the  conviction 
that  we  as  a  nation  have  indeed  lost  our  lead  and  lost  oqr  head  in 
manufacturing  technology.  We  certainly  concur  with  that  convic- 
tion. Fortunately,  this  change  in  world  leadership  has  not  yet  been 
fully  reflected  in  a  declifpin  percentage  of  GNP  that  manufactur- 
ing contributes.  We  stillcontribute  fully  very  close  to  24  percent, 
or  a  quarter  of  our  total  GNP  from  jthe  manufacturing  sector. 

I  personally  take  little  comfort  in  the  fact  that  we  have  been 
able  to  retain  that  24  percent  at  a  relatively  stable  level  to  date. 
The  reafton  for  that  is  thatAhe  important  predictors  would  t$\\  yss' 
that  that  will  not  continue.  I  would  cite  simply  two,  Hir.  The  unit 
labor  cost*  in  the  United  States  are  increasing.  Among  the  six  lead- 
ing industrialized  nations  in  the  western  world,  we  are  fifth,  next 
to  the  highest,  in  unit  labor  costs.  Indeed,  our  trend  continues 
upward.  The  only  one  that  currently  has  a  higher  labor  cost  is  the 
United  Kingdom  TfWii;  trend  is  downward.  So;  we  face  the  bleak 
prospect  othat  we  will,  in  \ht»  very  near  term,  become  or  perh/fps 
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we  already  huvt1  become  the  free- worlds  highest  unit  labor  cost* 
producer 

There  is  a  second  equally  distressing  trend.  I  refer  to  our  Na- 
tion's productivity.  Again,  compared  to  those  same  six  countries, 
we  are  the  fifth.  We  are  next  to  lowest  in  productivity  among  the 
other  six  countries. 

The  trends  in  both  of  these,  unit  direct  labor  costs  and  productiv- 
ity, are  not  encouraging  at  all,  There  siw»m  to  be  no  forces  at  play 
that  will  se  to  ajn  .improvement  of  either  one  of  those.  This  would 
lead  us  to  a  conclusion  that  within  the  United  States  we  have  a 
challenge  indeed  if  we  are  to  retain  manufacturing  as  a  constant 
percent  of  our  current  C1NP.  The  prospects  are  not  as  encouraging 
that.  The  prospects  nry  that  manufacturihg  as  a  segment  of  our 
z.'UNP  will  indeed  decline.  * 
'i.r  *■  There  is  another  point  that  Congresswoman  Lloyd  touched  upon 
in  her  introduction,  and  I  think  it  id  a  point  that  often  escapes  our 
*  ^attention,  That  is  it  is  our  belief,  it  is  my  belief,  and  there  is  some 
|!ji^fternal  authority  for  it,  that  the  contribution  of  the  manufacture 
}/;B*ig  sector  to  our  (iNP  is  indeed  much  more  important  than  the  24- 
ij^biMCent  figure  would  indicate  in  that  it  is  one  of  thevery  few  sec- 
/f^$o!rs  within  our  GNP  industries  that  contribute  real  wealth  to  the 
Ration.  If  one  goes  along  with  the  proposition  that  only  manlifac* 
^^tttrinK  in  the  extractive  industries  indeed  create  real,  tangible 
^iWiMilth  and  that  the  other  sectors  of  the  GNP  basically  derive  bene- 
■Kwi^  from  these  more  basic  sectors,  then  one  can  conclude  that  man- 
*;  ^fvcturlng  contributes  as  murti  as  (>5  percent  of  the  reafc  wealth  of 
^^$$r  Nation  as  opposed  to  the  apparent       pfercent  of  the  GNP. 
rum,  the  economic  impact  indeed  is  greax  to  our  nation,  and  thd 
hues,  .therefore,  that  this  subcommittee  is  considering  are  of  great 
jrtent  to  our  future.  \  , 

.j  ^^^There  is  a  second  point,  indeed,  that  nerjia^p  shares  in  impor- 
fu&ffifivv  with  the  economic  importance  of  the  manufacturing  sector, 
that  is  the  poirtfiof  the  implication**,,  the  rather  ominous  impli- 
..,(  f  ifciiH,  to  our  nutional  security  that  a  decline  in  the  manufactdt- 
•#**f -t;xim 'sector  would  present.  On  this  particular  point,  I  would  like  to 
1  "^'^(^.merence  and  indorse  the  testimony  which  Hfcnry  Sharpe,  chair- 
^fojVnn  of  the  board  of  Brown  and  Sharpe,  offered  to  the  House  Com- 
^?Hftittee  on  Antitrust  and  Restraint  of  Trade  Activities  affecting 
ffeliiS0"  *>UH'n(>HH  That  testimony,  offered  only  recently,  March  2U  of 
I  I  thirt k  his  arguments  are  indeed  compelling,  should  be  taken 
A>^jri()usltv  by  us  all,  and  we  as  a  rompany  certainly  support  that 
f/lfiiSjond  important  aspect  of  thp  concerns  about  the  manufacturing 

♦  4^Wor  to  l'u>  health  °f  our  Nation.  t  ' 
f^&jj&hf1  more  .direct  question,  I  believe,  on  the  inind  today  tof  this 

vfi^i'Utnnuttee,  however,  is,n<*t  so  much  the  importance  or  the  rel-« 
"    vrf4%^^(>  °f  the  problem,  because  we  can  quickly  agree  on  that.  To 
^^™|  extent  is'the  solution -to  the  lyobliun  properly  a  Government 

•  f^^^  ,f  think  that  is  more  to  the  point  of  controversy 

110  alternative  mechanism  either  at  play  nor  do  we  see 
^^%^p^W^Him^  ^at  a  mechanism  will  emerge  to  solve  this  large  prob- 

'n  ™(l  manufacturing  technology  world.  It  will  ap 
from  the  private  indu|£ry.  It  will  apparently  not 
K  "fmt x\  the  university  world.  We  are,  of  Course,  talking  about  a 
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problem  that  %*  national  in  scope,  national  in  importance.  \  would 
like  to  distinguish,  though,  between  the  makeup  of  the  manufactur- 
ing industry  and  certain  other-large  contributors  to  our  industrial 
•World  in  the  United  States. 


If  we  were  talking  about  a  problem  in  the  world  of  electronics, 
e  might  well  depend  on  private  industry  for  its  solution.  If  we  * 
were  talking  about , a  problem  in  the  computer  world  or  even  to 


some  extent  in  other  large  basic  industries  like  steel  and  automo- 
tive, we  could  then  count  on,  because  those  industries  are  predomi- 
nated by  a  few  large  suppliers,  we  could  count  on  industry  being 
more  able  to  meet  their  responsibilities  for  private  research  and  de- 
velopment to  meet  the  neeas. 

The  characteristics,  indeed,  of  the  manufacturing  industry  are 
quite1  different.  The  propects  for  private  solutions  U\  this  problem 
are  not  nearly  as  likely.  I  would  like4  to  observe  that  75  percent  of 
all  U.S.  trade  in  manufactured  goods  is  in  the  low  and  middle 
volume  discreet  parts  portion  of  the  industrytfSeventy-five  percent 
of  that  important  portion  of  the  manufacturing  industry,  *  these 
firms,  Hi)  percent  of  these  firms  employ  fewer  than  50  people.  So, 
you  are  not  talking  about  an  industry  where  you  have  a  few*sub- 
stantial  corporate  citizens  which  predominate  the  industry.  It  is  a 
far  flung  network  of  basic  discreet  parts  suppliers  which  individ- 
ually Hi'ejy^t.  able  to  undert^ke'the  vast  kind  of  research  and  devel- 
opment that  we  are  talking  about  here  that  we  need  to  solve  this 
problem  that  is  national  in  scope. 
So,  the  prospects  of  private  solution,  Although  I  am  a  great  ad- 
t  and  our  corporation  vigorously  pursues  private  research  and 


development.  Tile  prospect  of  private  solution  of  the  problem  that 
you  are  considering  this  morning  is  ntft  very  likely.  Therefore,  we 
think,  I  believe  and  my  corporation  believes,  that  the  role  of  Gov- 
ernment in  undertaking  realistic  solutions  to  this  .problem  is 
indeed  an  appropriate  role  and  there  is  no  apparent  alternative  to 
that. 

I  would  like  to  obs^ve  that  I  have  greqt  sympathy  for  Represent- 
ative Gregg's  expressed  position'  that  we  need  to  very  carefully 
cross  examine  any  now  Government  programs  in  the  current  envi- 
ronment Mint  we  are  experiencing.  We  do  believe,  however,  that' 
Hie  subject  under  discussion  this  morning  is  a  logical  and  very  com- 
pelling exception  to  that  set  of  consfderations. 
1  I  would  Tike  to  also  observe  that  there  are  particular  aspects  of 
the  proposed  legislation  that  we  are  particularly  supportive  of.  We 
feel  that  not  only  are  we  talking  about  a  very  significant  problem, 
'but  the  provisions  of  the  proposed  legislation  setm  particularly  ef- 
J  fective  in  the  solution  to  this  problem.  I  would  like*  to  note  two  or 
three  characteristics  that  make  this  legislation  extremely  practical 
in  our  view. 

^  First  of  all,  the  emphasis  of  the  proposed  legislation  is  on  the  cre- 

ation of  technology.  There  have  been  authoritative  studies  recently 
completed  that  indicate  several  measures  that  might  be  enter- 
tained to  improve  manufacturing  productivity?1  The  creation  of 
technology  is  by  far  tkfe  largest  contributor  to  productivity  Im- 
provement. One  recently  concluded  study  which  considered  such 

*  important  alternative  measures  as  capital  improvement  concluded 
that  technology  improvement  lias  created  (>0  percent  of  the  im-  . 
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provoments  in  productivity  as  opposed  to  a  much  smaller  24  per- 
cent improvement  by  capital  improvements,  The  point  is.^hat  the 
legwlution  is  working  on  the  t;ight  part  of  the  problem,  sir,  the  cre- 
ation of  technology. 

We  believe  also  that  the  creation  of  centers  which  will  serve  as 
Rational  resources  is  very  much  to  the  point  in  that  again  we  are 
talking  about  a  national  problem  and  a  few  well  distributed  centers 
of  man  picturing  excellence  which  can  serve  as  a  reserve  and  a  re- 
source oh  broad  based  regions  of  geography  would  seenf  to  be  the 
vehicle  of  greatest  benefit. 

We  are  very  sensitive  as  well  to  the  problem  that  Chairman  Wnl- 
gren  referred  to  and  which  ha*)  been  referred  to  a  number  of  times 
this  morning  and  that  ,is  this  problem  of  the  ordeal  involved  in 
transferring  technology  from  the  point  where  it  is  created  to  the 
point  where  it  can  be  usefully  applied, seems  to  be  a  particularly 
elusive  goal  for  us  in  this  Nation.  We  wOl|  know  that  some  pf  our 
international  competitors  have  fared  better  in  this  difficult  process, 
particularly  the  Japanese  who  seem  to  have  no  market  barrier  be- 
tween the  university  world  orAhe  prints  of  technology  creation  ahd 
the  industrial  world  where ^Rhey  Can  be  productively  used.  We 
think  thftt  there  nrb  aspects  of  the  proposed  legislation  which  mini- 

«ize  those  technology  transfer  problems.  We  particularly  admire 
e  recommendations  in  H.R.  4415  v^jhich  would  create  cooperative 
R&I)  programs,  because  we  see  the  result  of  that  as  being  a  natu-, 
ral  partnership  between  the  industrial  user  and  the  university 
world  or  the  national  laboratory  world.  When  we  get  industry  con- 
tributing and  involved,  there  is  a  much  greater  likelihood,  of 
course,  that  the  result  is  going  to  be  an  applied  practical  result  and 
possible  for  ready  implementation  by  the  industrial  world,  We 
think  that  what  could  otherwise' be  a  very  thorny  problem  of  tech- 
nology transfer  is  rather  neatly  handled  in  the  recommended  provi- 
sions of  this  legislat  ion.  '  ^ 

I  would  like  to  mention  also,  and  Oongresswoman  Lloyd  kindly 
mentioned  it  in  her  introduction,  but  we  do  have  in  the  active  plan- 
ning Htages  between  Martin-Marietta  and  the  University  of. Tennes- 
see at  the  Knoxville  campus  have  preliminary  plans  to  establish  a 
Tennessee  center  for  manufacturing  systems  engineering  which, 
indeed,  would  integrate  the  resources  of  a  major  university;  a  U.S. 
(iovernment  .production  facility,  and  I  am  referring  there  to  the 
DOK  facilities  that  we  operate;,  and  national  laboratory  of  great 
prestjge,  the  Oak  Kidge  National  Laboratory;  and  small  aijd  Targe 
manufacturing  linns.  With  the  nearby  availability  of  relevant  tech- 
nician training,  a  complete  ftwige  of  activities  in  research  and 
training  in  manufacturing  technology  we  think  will  thus.be  of- 
fered. I  would  m^relv  observe  that  the  enactment  and  the  funding 
of  the  legislation  under  consideration  would  indeed  add  momentum 
to  the  establishment  of  such  a  center  and  permit  us  to  mature' this 
Mmportunt  concept  in  a  much  earlier  timeframe  than  would  other- 
wise* be  possible. 

In  closing,  Mr.  Chairman,  I  would  like  Jta  repeat  our  support  of 
the  concepts  embodied  in  the*  legislation  under  discussion  today. 
:rh  e  need  for  developing  und  diHHcmitinting  manufacturing  technol- 
ogy ih  near-term  and  immediate.  Our  reasons  for  endorsing  the 
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Government's  Hupport  of  these  activities  have  already  been  stated, 
both  here  verbally  and  in  our  written  testimony. 

AHUKv  me  again,  sir,  to  thank  you  for  the  opportunity  to  express 
my  vieWs  on  the  plight  and  potential  recovery  methods  of  our:  na- 
tion a  manufacturing  community;  I 

Mr.  Chairman,  that  concludes  our  statement.  We  are  available 
for  diacUssiop  as  you  might  wish. 

[The  prepared  statement  of  Mr; Carpenter  follows:] 
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STATEMENT  BY  WILLIAM  W,   CARPENTER ,    VICE-PRESIDEHT ,  TECHNOLOGY 
APPLICATIONS,  MARTIN  MARIETTA  ENERGY,  SYSTEMS }   INC.,  OAK  RIDGE, 
TKNNESSBE. 

Mr.  Chairman  and  members  of  this  Subcommittee,  ray  name  to 
William  W.   Carpantar,  and  I  am  Vice-President  for  Technology 
Applications,  Martin  Marietta  Energy  Systems,   Inc,  oak  Ridge, 
tenneosee,     Martin  Marietta  Energy  Systems  oporates  four  plants 
In  oak  Ridge,  Tennessee  and  Paduoah,  Kentucky  to  a  prime 
contractor  to  the  Department  of  Energy,     One  of  these 
facilities,  the  Oak  Ridge  Y-12  Plant,  has  as  Its  mission  the 
production  6f  nuclear  ^aapone  components,  and   Its  operations  are 
therefore  similar  to  thoso  of  many  low-to-med t um  volume 
manufacturing  plants,     With  the  exception  of  the  noncompetitive 
nature  of  Its  produot,   this  Plant   Is  faood  with  exactly  thoso 
challenges  and  opportunities  In  manufacturing  teohnolo^y^hat 


this  subcommittee  la  considering.     A  oeoond  plant,  the  Oak  Ridge 
National  Laboratory,  lo  oharged  with  the  generation  of  a  broad 
spectrum  of  baslo  and  applied  knowledge,  some  of  whloh  bears 
directly  on  the  manuf|otur lng  technology  at  teaue  here.    As  a 
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government^  contractor  we  are  charged  not  only  with  developing 
the  new  technology  required  to  aoooropliah  our  mission,  but  alao 
with  d I aa«m I nat l ng  thla  technology  to  the  public  whenever 
national  aeourlty  permits,     Thla  statement  la  offered  In  thla 
dual  role,     I  should  alao  point  out  that,  even  though  the 
missions  or  Energy  Sya tfems^ Inc ,  are  the  most  relevant,,  to  thla 
hearing,  my  oOmraenta  do  reflect  the  point  of  vlew\f  the  entire 
Martin  Marietta  Corporation,     I  appreciate  the  opportunity  to 
appear  before  thla  Subdommlttee  hearing  on  a  eubjec.\  we  feel  la 
Important  to  our  nation's  future.  ^ 

Tho  need  for  upgrading  thla  nation's  product  1  v&,  oapab  1 1 1 1  y 
Is  indisputable  at  thla' point,     I  am  aure  thla'  auboorhm 1 1 tee  has 


already  been  preaonted  with  not  only  disturbing  economic 

I  • 

statistics  but  alao  the  humart  dlatresa  associated  with  the 


'deterioration  or  our  national  competitive  posture  in  the 

manufaotur  Ing  arena.     Because  o'f  d  1  r  Tar  ent  i  ala  in  the  coat  of 

human  labor,  some  have  suggested  that  the  United  States  should 

* 

focus  Its  energies  on  h I gh~ t eohnol ogy  services ,  rather  than  . 
trying  to  compete  Internationally  In  the  jnanu f ac tur i ng  seotor. 
In  the  three  deoadee  ^rom  1950  to  1981   the  fraction  of  our  gross 
ntitlonal  product  generated  by  the  manufacturing  seotor  has 
remained  essentially  unohanged  at  approximately  2ii  percent. 
During  this  same  period  the  fraction  of  our  labor  f oroe  ^ 
supported  by  mAnuf a^Mir  1  ng  dropped  fr^om^  to,  21  percent,1 

Of  greater  slgnlflcano^  however,,  are  the,  reoenjt  trends  in 
international  ofcmparleone  of  uAl t  labor  oo'ata  and  productivity 

1  ^  v 

Production,  vol.  92„>no.   1,  p,   11,  July  1983, 
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lndlo.e.    yho  ciiv.rgeno*  In  productivity  growths  okpwn  in  theae 
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PRODUCTIVITY  PATTIRNS  IN  MANUFACTURING 


•outVr  CtQtfAfltf  EtdOtotttCM  Otto?  IhC 


charts'  of  fere  little  ooneola'tion  to  the  US  manufacturing 
sector  even  If  the  present  econx>mlo  recovery  continues.  These 
1  factors,  coupled  with  mqnetary  policies,  have  led  economist 
Michael  RvaneJ  to  conclude  "The  manufacturing  sector  will 
never  recover  to  its  past  days  of  glory,  and  of  the  3  million 
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Jobs  lost  during  the  long  recession,  only  1  million  will  ever  be 
reclaimed*"    Evans  further  projeote  that 

1.  The  U£  economy  will  oonoentr at.e^e ven  more  on  ffye  manufacture 
of  high-teohnology  produotai 

2.  The  production  of  basio  materials  will  either  not   take  plaqe 
or  will  be  highly  automated  with  little  produotlon  labor; 
and 

3.  Almost  all  of  oomponents  of  the  maohlnery  and  transportation 
equipment  will  be  made  overseas  and  only  assembled  and 
marketed  domes t loal  1 y . 

One  or  Evans1  roaaons  for  drawing  these  conclusions  la  that 

overseas  porker*,  par t ioular ly  Par  Eaa tern , v have  long  been  paid 

f 

much  less  than  US  workers     but  previously  they  used  Inadequate 


iaed 
3  aft  e , 


and  outmoded  equipment*     Suoh  la  no  lorraer  the  oafte.     The  most 
disturbing  element  in  these  stattstloa  la  that  the  technological 
edge  enjoyed  in  the  past  by  t»he  US  has  disappeared*     Examples  of 
this  faot  are  seen  In  the  degree  of*  automat  Ion  employed!  In 
Japanese  factories,  the  quality  of  maohine  tools  produced  both 
In  Japan  and  in  •western  Europe,  and  the  superiority  of  West 
German  coordinate  measuring  machines. 

Despite  the  severity  of  problems  in  the  manufacturing 
seotor,  it  is  my  opinion  that  the  United  States  bust  regain- Its  « 
leadership  in  worldwide  manufacturing  competition*  Dr  •  •  Eugene 
Merohant  summarizes  quite  olearly  the  eoonomio  neoesolty.  of 

"  0 

Jl 

preserving  our  manufacturing  industry, 

—  ( 


Merchant,  M.  Eugene,  "Current  Status  of,  and  Potential  for, 
Automation  in  the  Metalworklng  HanUfaotur lng  industry*1,  • 
Annals  of  the  CIRP,  vol*  32/2,  pp#  519-523*( 1983) • 
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''...the  question  naturally  arises  a*  to  the  potential 
of  [computer  automated,  optimized  and  Integrated 
manufacturing]  to  provide  overall.,  global  bentflta  to 
a  country  and  to\flOclety  in  ganeral.     The  answer  to' 
this  question  la  aeat  addressed  by  examining  the 
relationship  between  manufacturing  and  a  nation's 
economy.     When  thla  la  done,  one  finds  that  manufac- 
turing la  the  principle  souroe  of  the  primary  wealth 

/         of  industrialized  nations,  namely  their  real,  tangible 
wealth;     Although  manufacturing  aooounta  for  about 
.    one-third  of  the  groai  national  product  (GNP)  Of  the 
typical  industrialized  country  today,  serviced  account 
for  about  one-half  of  that  GNP.     WnUa  eervlcee  are 
essential  to  the  support  of  a  high  standard,  of  living 
and  quality  of  life,  they  Mo  not  create  primary,  real, 
tangible  wealth*  Yet  such  wealth  la  the  basis  and 
source  of  all  other  weal'th  In  a  nation.  Therefore, 
subtracting  ou<  the  half  of  the  ONP  oomlng  from 
services,   It  can  be  seen  that  manufacturing  ,then 

\  aooounta  for  two-thirds  of  the  remainder  two-thirds 

of  the  real  wealth  cr'eat iTrtKSector  of  the  economy. 
Thus,   it  follows  that  manufacturing  Is  responsible  for 
•        *bout  two^thlrrJs  of  the  primary  wealth-creating 
activity  of  a  typical  Industrialized  country,  the 
remainder" coming  from  the  extract  I ve  (agriculture, 
fishing  and  mining)   Induetries  and  the  construction 
I  nduatry . ,  \ 

Using  ONP  fractions  of  *63,   2M  and  13  peroent,   respectively,  fbr 

the  service,  manufacturing,  a  njo^W^r  a  at  I  o  n  Industries,  Merchant 

shows  that  manufacturing  accounts  for  about        percent  of  the 

real  wealth  of  the  United  States. 

A  seopnd,  potentially  more  compelling  argument  for 

raintainlng  our  manufacturing  capacity  lies  In  the  national 

security  category*     In  a  statement  to  the  US  House  of  Represent- 

5  • 

atlves  on  March  23,   1 98*4 ,  Mr.  Henry  D.  Sharpe,  Jf,  provides;. 

j 

convincing  national  seourity  Reasons  for  short  term  protection 


Statement  by  Henry  D  •  Sharpe,  Jr.  Chairman,  Brown  *  Sharpe 
Manufacturing  Company,  representing  the  National  Machine 
Tool  Builders^   Association  beforle  the  Subcommittee  on  •  " 
Antitrust  and  Restraint  pf  Trade  Activities  Affecting  Small 
Lnaas,     United  State  House  of  Represerftat i ves ,  Mafoh  23» 
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jyt  t.ho  US  machine  tool   Industry.     The  maoh^e  tool  industry  la  a 

critical  element  of  all  manufacturing  and-  hence  warranto  special 

oo°natderlaf  Ion ,     Althou^  Mr'.  Sharpa's  statement  addressed 

specifically  the  machine  tool  sector,  many  of  his  arguments  also 

relate  to  the  need  for  preaerving  the  produotlve^apaolty  '  ojf,,  our 

manufacturing  in,  general. 

Crucial  to  the  US  recovery  of  tnanuf  aotirr  ing  competitiveness 

la  the. creation  and  sharing  of  new  manufacturing  knowledge, 

MoKee  and  Morrison**  correlated  studies  by  Dennlson,  by 

Kendrlok,   and  by  Chrlstensen,  Cummlngs,  and  Jorgensori  on  the 

relative  contributions  to  productivity  by  labor  quality,  capital 

i 

growth  and  Improved  technology,  *  A yen a goo  over  the  three  studies 
indicate'  a  59  percent  contribution  by  technologV  compared  with 
1  *J  percent  by   labor  quality  and  21  percent  from  capital.  If 
this  fact  la  accepted,   then  the  question  la  changed  from  "What 
is*  necessary?"   to  "How  tol  proceed?"  .     The  measures  proposed  'In 


:oJ  \ 


the  legislation  under*  dijl&uss  Ion  here  constitute  a  logical 
approach  to  r^gMnlng  the  ..technological  edge  for  the  United 
States  manufacturing  Industry, 

The  two  bills,  H , R ,  and  H .  R  .   W15,   would  utilize  jfr  . 

program  ot  grants  and  a  series  of  Manufacturing  Centers  as  tools 
In  generating  and  disseminating  manufacturing  technology.  In 
%ur  opinion  these  devices,  are  effective  and  should  be  supported. 
The  creation  of  'new  knowledge  through  government  funded  baeio 


6 


Morrison,  D,  L,   and  MoJC»e>  K,  E.,  "Technology  r   for  Improved 
Productivity",  Manufacturing  Productivity  Frontiers,  vol.  2, 
no,  6,  pp.  142-1  T»F  (June  1 9 78T>     Published  by  Manufacturing 
Productivity  Center,.  Illinois  Institute  of  Technology 
Center,  Choago,  1 1JL 1  no  15 • 
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r*aearoh%granta  at  un  I  ver  a  1 1  i  aa  ,  national  laboratories  and 
nonprofit  organization  haa  bean  quite  euoOeeeful.     There  la 
every  reason  to  believe  suoh  fundamental  studies  would  alao  be 
fruitful  In  the  manufacturing  field.     Properly  equipped  and 
staffed,  the  Manufacturing  Centers'  will  function  aa  laborator lea 
for  appl 1 ed,  manuf aoffur 1 ng  reeearoh  and  development.  Moreover, 
theae  Centtra  offer  an  opportunity  for  regional  demonstrations 
of  automated  equipment  and  facilities  to  Industrial  firms  while 
^ervlng  alao  toseduoate  students  1 n . manufacturing  technology. 
'    By.*  providing  mechanisms  for  cooperative  funding  of  theae 

Centers,  the  Government  encourages  Joint  Industrial  and  academic 
participation,  whloh  will  consolidate  the  strengths  jpf  each.  The 

*  ■-•  .  V 

formation  of  suoh  conaortla  is  considered  hlgfH^  desirable  for 
three  reasons* 

I    1.     The  ajplnoff  of  technology  to  Industry  is  enhanoed.  ^ 

2,  University  research  la  more  llkol/to  be  relevant  due  to 

I 

interaction  wi^th  industrial  partners. 

3.  «The  education  or  badly  needed  flianuf aoturlng  engineers  will 

bo  © n f|a n c e d  , 

Mart  Iflf  Mar  let  ta  la  a  atrong  believer  in  the  private 

.  > 

development  of  teohnology  and  demonetrates  thla  philosophy 
through  its  operational     However,   if  the  perceived  need  is  to 
raise  the  competitive  capability  of  the  entire  manufacturing 
industry,  it   la  our  opinion  that  thla  need  will^eet  be  served 
\     by  government  funded,  non-proprietary  research  *  with  .technology 
disoemlnat ion  a  primary  obligation.    Because  of  the^ooit  of  the 
*   equipment  and  facilities,  support  for  a  quality  manufacturing, 
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laboratory  will  exceed  the  f t nano t a  I " means  of  all  but  a  few  " 
unt veralt lea,     A  reoent  Nat  lonal*  So  lenoe  Foundation  survey 
"quotes  academic  ^researchers  as  classifying  one-fourth  of  their 
equipment  as  obaolete  and  out  of  ufl.o;   31   peroerft  of  all|  research 
equipment  wad  over*  10  years  jpld  In  1982^ar.d  only  16  percent  of 
the  equipment  la  state-of-the-art  • 7,i    Very  ilttlt  equipment* Is 
available  In  unl vera  1 1  lea  •  whloh  la  dodlOated  to  manufacturing 
research  and  development.     Finally,  support  of  the  Manufacturing 
Centura*  at  least  partially,  by  the  government  will  encourage 
the  participation  of  amall  manufacturing  plants  whloh  play' .a 
vlt^l  role   In  our  national  manufacturing  capacity. 

•  The  establishment  of  tho  National  Bureau  of  Standards, as  the 
Federal  Research  Center  on  Robotics  and  Automated  Manufacturing 
Is  well  considered.     This  atop  hds  already  been  initiated  with 
the  Automate?!  Manufacturing  Research  Facility  at  NBS ,  and  the 
use  of  this  facility  as  a  teqhnolog Veal  "hub"  for  the  other  • 


Jfaol 1 


Manuf  aotur'lrjg  Centers*  shoiildifaol  l  It  ate  the  dissemination  of  new 


technology.     Martin  Mar  let taf Energy  Systems   Is  quite  familiar 
with,  the  manufacturing  programs  at  and  makes  frequent  use  of 

the  expertise  resident  there.  \         *  • 

,  If  the  Manufacturing  Centers  proposed  In  this  legislation 
are  funded,   there  are  several  factors  whloh  I  feel  should  be 
emphasized'  i*n  developing  guidelines  for  the  Center©* 
1.     Tarjpt  tn*  low-to-rplddlo  volume,  dleorete  parte  industry* 
This  category  accounts  for  75  peroeift  of  all  US  trade  In 

r-   \  .  '  " 

National  Solence  Foundation  survey  quoted  In  Inside  R&D* 
May  30,   1901-   '  '  ~ 
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<*)«nuf«oturad  goods.     Of  th's  f I r ma  In  this  Industry  87,  . 
percent  employ  few4r  t haij  50  people, 
2*  •  Computer  integration  of  manufacturing  processes  should  , 

*      provide  more  opportunity  for  produot i v i*t?y  Improvements  than 

*  .  •  ■  ->  v. 

the  mere  automation  of  present  manufacturing  aot'lo'na*  /- 

Examples  of  thla  are  ^he  elimination  of  redundant  handling  * 

.    ;•  *        v  ..  . 
'»    and  alignment  operations,     When  oon)bl,ned  with  design  for 

,       "automated  manuraotura bl  1  ity  (Inoludlrig  aeaerably ) , 1  this  . 

■        oonoept  will  have  a  maJ0r  Irapaot  on,  productivity . 
3.     An  appreciation  far  quality  muat  be  imbedded  In  all  stages 
of  manufacturing  aa  well  aa'lrt  the. final  produot,  The 
oonoept  of  building  quality  1 n tp  a  produot  or  oomponont 
rather  than  aeparatlng.lt  out  results  In  aubatantlal  cost 
savings.     Furthermore,  the  need,  to  t'lghten  process,  control 
and  thus  Improve  quality  ehould  become  a  never  ending  ( 
effort.     One  atudttTot  automatio  transmission  repair  his- 
tories by  the  Ford^Bkor  company  revealed  that  under  ident- 
loal  olrouAistanoaa  tranaralseldna  produce^  by  an  "offshore^ 

'        manufacturer  enjoyed  a  aubetantlally  lower  repair  rate  than 
those  from  a  highly  regarded  Ftfrd  pl*nU  investigation 
showed  that  although  the  Ford-'pullt  'transmissions  were  made 
•    to  satisf  y  all , blueprint  apeolf  loatfons  w-thetr  oompet  L^or  »«a^- 
  <'V-4> 


Lyons,  John  W% ,  statement  before  the  Subcommittee  on 
Investigation  and  Oversight,  Committee  on  Solenoe  and  . 
Technology,  U3  Houae  of  Representatives,  June  23»   1982*  f 

Continuous  Improvement  ■l.ft,,Quii  it  J  and  Productivity, 
videotape  produoed  by  Ford  Motor  Company . 
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transmissions  were  made  to  even  closer  toleranoeo  and  hence 
assembled  to  a  oloaer  fit  and  required  leoa*  repair , 
Innovations  which  potentially  eliminate  large  cost  segments 
of  a  manufacturing  oyole  ahould  bo  sought  Intensely*  For 
example,  a  near-net  shape  material  forming  scheme  whloh 
greatly  reduces  machining  operations  might  save  much  more 
money  than  the  automation  of  *the  machining  operations. 


5.     Provide  meohan  I  sms.  fy  re-eduoatlng  manufacturing  peraonnel 
of  all  levels  In  the  new  manufacturing  technology.         r  r 


6.  Provldo  manuf actur I  ryj  engineering  consultation  to  regldnal 

*  ** 
manufacturing  fir*  ma   In  a  manner  similar  to  the  agricultural 

u 

ext. enalon  service. 

7.  Make  the  Onter  faollltlea  available  to.  small  manufacturing 
concerns 'to  allow  them  to  teat  new  methods  for'  their  own 
production  neodn.  * 

3.     Concepts  developed   in  the  Cahtara  ahould  be  teated  with  real 

production  parts.  \  • 

A  Center  1  for f Manuf act ur 1 ng  Systema  Engineering  la  currently 

I 

under  doveHopment   in  Tenqeaaee.     Martin  Mar letta  Energy  Syatema, 
through  the  Oak  Ridge  Y - 1 2  Plant  and  the  Oak  Ridge  National 
Laboratory,   la  working  with  the  University  of  Tennessee  In 
evaluating  this  concept,  and.   If  established,   t  he  t,C  enter  wi  1 1 
aggressively  seek  the  participation  of  both  small  and1  large 
Industrial  ^aVtr\a(*a.     The  University  of  Tennessee*  College  of 


Engineering  has  tyeen  revising  I  {a  curriculum*  for1  'over  a  year.  A 
* 

Manufacturing  systems*  option  will  be  available  in  tfhe  Industrial 


1  v     "  '  . 
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E rtg  1  Vi ,^9 ring  Department  for  Master  of  Science  students  beginning 
In  January  Martin  Marietta  and  the-  University  art 

currently  assessing  the  oqulpma-nt  required  to  establish  a 
'oredltabl*  .Manufaotur Ing  Centers*  well  *fl  1  suitable  location, 
Support  of  the  faoulty  release"  t  imt  for  these*  activities^  is 
being  provided  through  a  $lA),OO0  grant  from  the  Alaoa 


Foundation,     Thes|  assessments  should  bo  complete  In  early 
August.     Kunda  or  the  t ype„  proposed  under  this  legislation  would 
greatly  accelerate  the  time  when  the  Center  would  beoq.me 
operational.  >  4 

••The  Tennessee  Center^for  Manufacturing  systems  Engineering* 
will  .take  advantage  of  several  unique  factors.     The  proximity  of 
the  University  of  Tennessee  and  Martin  Marietta  Energy  Systems 
greatly  facilitates  cooperation.     The  Oak  Ridge  Y*12  Plant  la 

.  typlcaU  of  the  discrete  parts  tnduetry,   and  the  Y - 1 2  Plant  i 
ma"nagem^h,t  and  operating  personnel  understand  the  problems. 
This  plant  ha$  djons  Idorabl.e  etrengths   Immaterial  forming, 
precision  machining  and  gaglAg.     TfTe-  quality  aspects  of 

* manuf eofcur  ing  methods  are  well  understood,1  OP  considerable 
relevance  is  the  faot  th-at  the  Plant/la  currently  upgrading 

,lts  operations  with  computer  integrated  manufacturing  methods 
and  equipment   (flexible  manufacturing  systems,  robots,  computer 
networks,  graphic '  systems ,  etoO  of  the  type  to  be  studied  In 
the  proposed  Manufacturing  Qentora.     The  University  of  Tennessee 
has  a  faculty  knowlddgeabie  about  manuf acturin|  processes.  The 
strength  of  the  research  and  development  raollltlea  and  9 
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\      capabilities  at  Oak  Ridge  National  Laboratory  ajpe  well  known, 


% 

Their  measurements  and  controls  e*perij9noe   la  partiaulArly 

appropriate  for  the  da velopment  <.ot  ftoti  nenaor  technology 

+  .  •  p..  ' 

required  by  advanced  automat lonfc     Two  consortia  aro  preaontly 
b  «  l  n  g  organ!  a  a  d  w;n  I  o  h  ralato  closely  with  rnanufaoturlng 
technology.     The  Canter   for  Meaaurament  and6  Controla ,  adjoint 
effort  between  the  Univeralty  and  oak  Ridge  National  LaboratoJf, 
will  provide  for  aharlng  of  the  f  a  o 1 1  i  1 1  a  a  and  ataffa  of  both 
organ  1 7,  at  lona   In  conducting  reaoaroh  and  teaching*     A  Computer 
Aided  KnglneeVlng  Gpnaortlum,   a  cooperative  endeavor  of  the 


Univeralty,  Ma  r  1 1  n  J^^l  e  1 1 a  Energy  Syatema  and  aeveral  other 
4 

local   Industries,  will  provide  training  and  reaearoh  l/n  problem 

«•.;  f  t 

solving  using   interactive  computer  graph lea.  The  administration 
of  both  of  these  activities   la  deliberately  being  overlapped 
with  that  df  the"  Manufactur  lng  Center  ^to^nhanoo  coord  I  rUt  Ion  . 

Spinoff  of  unclaesl  f  led  technology  developed^at  Martl\ 
Marietta   In  an  axpLLalt  contractus flb biigation  to  th oNu S 

\ 

Department  of  Energy.     A  modern  Manufacturing  Center  would  \ 
certainly  enhance  this  activity.     The  Univeralty*  of  Tennessee^ 
haa  a  well  eatabllahed  network  through  ita  Center  for  Industrial 
Ser vice a  for  providing  technical  assistance  to  small  Induatrlal 
firms.     This  activity  la  funded  by  the  State  aa  part  of  the 
public  service  mission  of  the  Unlver aYt y . 

i       **         .  » 

The  state  of  Tennessee  is  aggressively  pursuing  the 

development  ft  the  Tennessee  Technology  Corridor  along  the 

•  *  * 

pay k way  connecting  Knaxvllle  and  Oak  Ridge.     A  new  campus  for 
the  State  Technical   Institute  in  Knoxvllle  tls  being  created 

f 
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rtPDrojLlnMttly  midway  b»l.w««n  tht  tyo  oltloo.     This  Inatltuto 

will  emphasize  the  training  of  technicians   In  the  operation  and 

maintenance  of  modern  manufacturing  equipment* 

The  ^enneaaoe  Center  f or  iManuf aotur Ing  SystemsN  Engineering 

Will   Integrate  the*resouroes  of  a  major  university,  a  US* 

government   production  facility,  a  national   laboratory,  an<)  small 

and  large  manufacturing  firms.     Vfith  the  nearby  availability  of 
# 

relevont  technician  training,   a  oomplete  range  of  activities  In 
research  and  training  In  manufacturing  technology  will  thus  be 
offered. 

In  cloning  I  would  like  to  repeat  our  support  for  the 
concepts  embodied  In  the  legislation  under  discussion  today. 
The  need  for  developing  and  disseminating  manufacturing 
teohnology   la  immediate,  and  our  reasons  for  ondorslrrg  tho 
government  support  of  these  actlvlt4es  ftave  already  been  stated. 
Allow  me  again  to,  thank  you  for  the  opportunity  to  express  my 
views  on  the  plight  and* potent l a  1  *  recover y  methods  of  our  , 
nation's  Manufacturing  community.     Mr.   Chairman,   that  concludes 
.    my  -statement  .^s 


fp  468 


7 

■I 


VKH!>ONAl.  DATA  OH  W.  W.    (UtlL)  CAMKNTKk 


Mr.  N.  H.   (Bill)  CArpenter  is  Vice  President,  Office  of  Teclmology 
Application*,  MArtin  MariettA  Energy  Systems,  Inc.,  Oak  Ridge.     The  - 
primary  Objective*  of  this  office  are  twot     (1)  the  successful  transfer 
or  piomlsing  technologies  into  the  private  sector,  And  (2)  the  stimula- 
tion of  economic  development  within  the  Oak  Ridge  communities  and  the 
RAAt  Tennessee  region.  "  * 

Mr ,  Catponter  receivud  a  hu  helor's  degree  in  Tndustrial  MAtuigcment 
Attd  a  letter's  degree  in  fiusltwss  Administration  from  the  University 
of  Denver . 

Mr.  Carpenter  has  11  yeArs  experience  with  Mirfi/i  Marietta,  with 
successively  increasing  responsibilities.     He  most  recently  served 
throe  yesrs  as  Business  Developrmmt  director,  Martin  Marietta  Orlando 
Aerosi>ac».     His  duties  included  identification  and  nktnagen»mt  of 
Ailv.tnced  Vroyram'*  Activity,  Independent  Research  And  Development  tasks, 
t  as  well  as  market  strategy  develoi>ment<    Mr.  Curf nutter  was  a  principle 
nmtributor  in  Martin  Marietta's  successful  competition  for  the  DOB 
facilities  management  program  at  Oak  ftidge. 

Mr,  Carpenter  was  res^nslble  for  identifying  business  areas  for 
Stnajof  new  business  thrusts  for  Martin  Marietta,     These  entrepreneurial  * 
Activities  inclhded,  in  I9fl2~81,  major  responsibilities  in  the  identi- 
fication of  th**  Oak  Hitb/e  opportunity  And  the  development  of  Martin 
Marietta  cpnvict  inns  associated  tlkivewlth. 
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,  Mr.  Lundink.  Thank  you  very  much.  I  think  it  is  particularly 
useful  to  have  testimony  from  an  indiwtry  such  aH  yourH  that  iH  in- 
volved*in  the  highest  level  of  technology,  probably  some  of  the 
highest  level  of  regulatory  problems,  and  has  probably  the  closest' 
contact  with  Government  because,  in  many  cases,  the  Government 
is  also  vour  customer. 
Mr.  Carpenter.  Yes,  indeed. 

Mr.  Lunoink*  Let  me  just  nitpick  for  One  point.  You  said,  I  be- 
lieve, that  the  United  States  has  the  lowest  level  ofproductivity  of 
any  of  the  industrialized  countries.  I  think  you  meant  to  say  the 
lowest  rate  of  growth  or  productivity  of  any  of  the  industrialized 
countries.  I  think  the  evidence  is  that  we  still  have  the  highest  ab- 
solute level  of  productivity,  but  our  growth  level  is  so  low  that 
cliarly  we  are  not  going  to  sustain  that  position  much  longer.  If  I 
am  incorrect  on  that,  I  would  like  to  know  about  it.  \ 
Mr.  Carpenter.  I  believe  you  are  correct.  We  are  talking  about, 
and  our  sources  are  cited  in  our  written  testimony,  that  is  a  stand- 
ardized productivity  patter  that  we  are  referring  to  there  which  ap- 
parently does  incftide  the  effects  that  you  are  discussing,  v. 

Mr.  IjUNUINK.  Srnce  you  have  both  be£n -identified  already,  please 
fetfl  free  to  comment. 

Or.  Snydkr  Yes;  I  would  like  to  comment  on  what  has  been  re- 
ferred to  here  as  the  divorce  between  industry  and  academia. 
Hopefully,  that  term  is  too  strong.  I  think  alienation  .is  certainly 
accurate.  It  is  a  fact.  It  is  one  that  I  lament  having  happened  over 
the  past  couple  of  decades,  but  I  think  we  are  at  a  poirtt  where  we 
need  to  move  away  from  viewing  it  with  alarm  and  begin  to  think 
ipore  positively,  arid  lot's  have  at  it  and  what  can  be  done  to  im- 
prove this  relationship. 

I  think,  and  1  have  thought  about  this  a  bit  in  the  pastas  to  how 
this  caime  about,  and  perhaps  there  is  some  lesson  to  be  learned  in 
history  as  to  how  the*  alienation  between  the  academic  worjd  and 
the  engineering  world  and  Widustry  came  about.  Perhaps  there  is  a 
clue  as  to  how  to' improve  it\n  the  future. 

There  are  several  factors.  U  think  it  is  true  that  manufacturing 
engineering  as  an  academic  discipline  has  been  the  stepchild  in 
nrndemia.  It  has  not  had  the  glamour  of  the  electronically  briedted 
technologies,  such  as  the  computer  hased  technologies.  Also,  1  think 
.we  have1  been  seduced  into  somehow  thinking  that  all  of  the  talk 
about  an  information  bu^ed  society  makes  it  no  longer  necessary  to 
worry  about  our  base  industries.  I  submit  that  we  wyn't  have  an 
information  hased  society  unless  we  have  some  base  industries  to* 
provide4  that  technology.  . 

A  final  observation,  I  think  that  perhaps  if  we  go  back  to  the 
period  when  I  was  still  a  student,  the  post-Sputnik  era,  which  cre- 
ated an  attitude  iti  academia  that  the  place  to  turn  for  support  of 
research  in  universities  was  the  Federal  Government,  and  we  went 
through  a  period  i(i  which  nntiontfJL teuhggpg^al  gorii^vere  pretty 
much  set  by  the  attitude*  of  the  Gover{n£nt  in  spucMftergy,  apd 
environment,  I  think  are,  go^exnntyles,  wflhre  tfk^ntfin*o*mg 
community  recognized  these  as  national  goato,  andfwe/IBnded  to 
look  toward  the  Federal  Governm<mt  for  the  suppdrt  of  |hfe  ref 
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I  believe  measures  nuch  at*  U.K.  4415  would  move  us  'forward 
very  quickly  in  terms  of  bridging  this  ^up  between  industry  and 
the  university  educational  community  in  engineering  education. 
We  have  to  keep  in  mind  that  our  students  will  have  30  to  40  years 

,    of  productive  careers  ahead  of  them  in  a  future  that  is  very  much 
unknown  except  that  it  is  going  to  be  changing  and  it  is  going  to  be 
^hanging  very  rapidly.  It  is  very  much  incumbent  upofgus  in  aca-  # 
dentin  to  do  the  best  job  we  can  of  trying  to  projecWvhat  that 
future  is  going  to  be  like.  It  is  extremely  imjfcrtant  that  we  have  a 
cjose  interaction  with  our  industrial  cbl  leagues.  They  pre  the  ulti-  ' 
mate  users  of  our  products.  They  are  oyr  ultimate  customers.  I  /' 
think  measures  suen-as  proposed  in  H.R.  4415  would  be  very  auj> 
portive  of  this  process  of  bringing  back  together  the  academic 
world  and  industry.  I  think  there  is  very  definitely  a  role  for  the 
Federal  Government  in  this  process. 
Mr.  Lundink.  If  a  cade  mi  a  and  industry  have  become'alienated, 

*  *Government*anj£  industry  seem  to  really  be  alienated.  1  wouldn't 
use  the  term  divorce,  but  seriously  alienated,  pnd  that  leads  me  to  \ 
my  question  We  frequently  hear  critics  on  Both  aides  of  the  aisle 
and  Representing  different  philosophies  Buggest  wat  this  is  an  im- 
proper role  for  the  Federal  Government  because  you  would  be  pick- 
ing technologies.  I  have  heard  the  story  so  many  ttimes  about  Mr, 
Noyes'  wife  who  asked  him  whether  flhe  should  invest  in  a  small 
•'computer  company  and  being  told  by  Mr,  Noyes  that  a  personal 
computer  didn  t  make  any  sense  .and,  fortunately,  $he  disregarded 
his  advice  and  invested  a  modest  sum  in  Apple  Computers,  that  if  I 
•every  meet  Mr.  Noyes  I  am  going  to  certainly  ask  him  if  it  is  true. 
It  has  certainly  been  repeated  often  enough  so  that  jt  is  legendary 
if  not  acdUrpte.  f:  ■  *  • 
i  However,  the  assertion  is  then  made,  well,  certainly  if  a  genius 
in  technology  can't  pick  a  winning  technology,  how  is  the  Federal 
Government  Koing  to  do  it?  1  would  be  interested  in  your  response 
to  that.  7 

-  lyir.  (iArpkntrr.  Well,  I  thir^k  the,result  of  the  legislation  we  are 
talking  about  will  not  amount  to  that  much  of  a  predominate  role 
by  the  Government  itself.  Now,  whether  the  pepartmfent  of  Com- 
merce ends  up^administerinp  this  qr  NSF  is  perhaps  le»  important 
than  the  manner  in  which  it  is  administered,  cidentilly,  we  are 
meeting  with  the  Department  of  Commerce  people  tomorrow  morn- 
ing  (o  express  our  support  for  this  and  try  to  take  a  reading  related 
to  thfcir  sentiment.  As  they  would  make  the  grants  or  the  coopera* 
tive  ^^investments,  personally,  aIthough*there  is  a  cost  implica- 
lion^jrierms  of  matching,  I  would  tendto  favor  the  cooperative 
({&-D,  because  t  think  it  Will  avoid  Some  of  the  point  that  you  are 
just  getting  at,  sir.  There1  will  be,  should  be,  in  thcv^dministrktion 
of  thin,  great  latitude  for  freedom  of  innovation  ana  related  to  the 
obnducjt;  of  the  activities  within  the  centers  themselves.  We  would 
flepend  upon  that. 

Of  ctAirse,  we  are  talking  about  the  potential  for  an  array  of  cen- 
ters which  could  present  the  exploitation  of  alternative  technol- 
ogies. We  would  hope  that  it  would.  I  wquld  not  share  that  particu- 
lar concctrfi  related  to  this  issue.  Now1  if  you  are  talking  about  very 
"high  speed  integrated  circuitry  or  some  of  the  electronics  isHues, 
.    perhaps  that  danger  is  more  i imminent  that  the  Government  in 
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their  role  cannot  avoid  technology  selection  or  technology  bias.- 1 
would  not  see  that  us  a  jeopardy  in  this  particular  one.  That  is  just 
my  opinion,  sir.  , 

Dr.  DouciLASS.  I  might  add  a  point.  I  really  think  the  involve- 
ment of  the  local  industry  with  the  academic  community  is  going 
to  keep  the  research  directed  jn  those  directions  that  are  most  rele- 
vant 

Mr.  Lunimnk.  Well,  1  think  your  testimony  is  right  on  target 
from  my  point  of  view.  I  have  not  examined  all  of  these  bills  in  the 
detail  that  I  will  below  we  take  action  on  them,  but  one^aspect 
that,  seems  terribly  important  to  me  is  that  they  have  flexibility.  I 
learn  by  example  better  than  by  generality  and  had  the  opportuni- 
ty not  long  ago  to  visit  Battelle  Institute  in  Columbus, \which  is  a 
good  example  of  an  agency  or  an  enterprise  that  is  sor^t  of  in  be- 
tween this  basic  research  and  applied  technologies.  It  strikes  me 
that  like  that  privately  endowed-  institution,  these  new  centers 
ought  to  be  able  to  contract  directly  with  a  single  industry  if  they 
wanted  U\  to  do  some  more  advanced  research. 
*  On  the.  otfier  hand,  they  might  be  doing  other,  research  that 
would  be  generally  shared  with  everybody  because  it  is  more  gener- 
ic. 

Mr.  ( -  ARPKNTKK.  Yes.  , 

*Mr.  LuNDlNK.  Would  you  agree  with  the  need  for  that  kind  of 
flexibility.  1 
Mr.  Cakpkntkk.  Yes.  Yes,  sir.  Why  not? 

There  has  been  a  reassuring  amount  of  progress^in  this  overall 
environment  of  making  even  Federal  laboratories  more  accessible 
to  private  firms  on  a  basis  that  will  protect  the  proprietary  ryiture 
of  the  investment  that  the  firm  makes.  We  are  familiar  with  the 
manner  in  which  Battelle  operates  in  the  labs  in  the  Northwest, 
where  they  are  very  well  able  to  segregate  between  those  items  of 
national  interest  which  we  all  have  a  right  to  and  from  national 
fmuling  versus  those  private  initiatives  which  Battelle  conducts 
side  by  side  wilh  some  of  the  Government  initiatives,  but  they  are 
Able  to  partition  those  initiatives  off.  t 

Mr'  UrNMNft.  Another  thing  that  I  think—  excuse  me,  I  didn  t 
mean  to  interrupt. 
*  Mr  Cakpkntkk.  Yes. 

Mr.  IjUNMNK.  Another  thing  that  I  think  might  be  important 
would  be  to  encourage  industry  Scientists  to  come  into  the  universi- 
ty setting  for  certain  periods  of  time  tcfciwork  along  with  people 
working  in  these  centers.  * 

Mr.  C^rpkntkk.  Absdlutely,  I  would  make  one  other  observation, 
sir,  and  that  is  in  this  respect  that  you  cite*  and  that  is  why 
shouldn't  t  he  centers  be  able  to  receive  private  contract  initiatives 
and  protect  the  proprietary  nature,  in  those  cusok,  of  the  work  that 
^<dorie?,T<>  do  this,  we  would  be  getting  a  step  teWards  -  I  think  we 
can  take  a  lesson  from  the  West  Germans  who  operate  their  na- 
tional laboratories  in  a  very  similar  fashion.  Much  of  their  Work  is' 
on  proprietary  contract,  with  private  industry.  No  reason  we 
shouldn't  be  able  to  do  the  same  thing  to  advantage. 

Mr.  LuNDlNK.  If  we  were  to  have,  say,  10  centers*  do  you  think 
we  should  pick  oio  to  be  in  one  particular  area  and  another  in  a 
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different  area  or  is  that  not  necessary?  Do  you  understand  what  I 
mean  by  an  area? 

Mr.  CaiU'KNtkk.  Vert,  .sir,  I  do.  It  would  .seem,  politics  aside,  that 
there  is  some  basis  in  reason  to  support  a  distributed  network  from 
a  geographic  standpoint.  In  other  words,  I  don't  think  that  it  would 
be  healthy  for  us  to  dump  them  all  in  the  Northeast  corridor,  for 
example,  or  even  in  the  Southeast  sector.  \ 

Mr.  Lunimnk.  Well,  I  was  thinking  more  by  function.  I  agree, 
,a/d  I  thiol*  you  can  count  on  their  being  distributed.  |Laughter.] 
(ULdon't  know  whether  any  will  go  to  areas  not  represented  on 
this  committee?  or  not,  but  they  will  be  distributed  to  some -degree. 

What  I  was  think  of  is  should  we  have  one  biotechnology  area, 
one  machining  center,  one  in  metalurgy,  by  function  or  should  we 
allow  them  to  be  broad  and  to  get  into  ^different  areas? 

Dr.  Snydkk.  I  would  like  to  offer  a  comment  on  that.  I  think  cer- 
tainly there  has  to  be  coordination  of  the  centers  to  avoid  unneces- 
sary duplication.  I  think  an  appeal  to.me  would  be  that  each  center 
would  have  a  particular  focus  that  would  build  on  the  strengths 
that  that  center  is  able,  to  pull  together  because  of  its  geographic 
location.  That  is  the  strategy  that  we  are  following  in  Tennessee  in 
our  joint,  effort  between  the  Oak  Ridge  National  Lab  and  the  uni- 
versity to  try  to  build  on  the  strengths  that  exist  and  not  try  to  be 
things  to  all  people.  I  think  some  of  that  would  make  sense  in 
having  each  center  have  a  particular  area  of  focus  and  responsibil- 
ity^ 

^Tn^4^i;i.AtiH.  Some  of  that  is  going  to  arise  fairly  naturally  by 
the  subnfissions  of  proposals  and  that  kind  of  thing.  I  suspect  that 
the  funding  source,  whether  it  is  "Department  of  Commerce  or 
whomever,  woulo\.  exercise  some  selection.  They  wouldn't  want  all 
ol  them  to  be  machine  tool  design  and  construction  research  and 
none  in  biotech.. 

Mr.  LiJNpiNK.  I  thank  you  very  much,  gentlemen.  You  have  been 
very  helpful  to  us.  This  perspective  from  the  action  level,  which 
some  people  call  the  real  wqrld,  is  particularly  important. 

VI  am  going  to  recess  the  hearing  for  about  5  minutes.  We  are. 
going  to  return  with  Dr.  Kobert  Pry's  testimony  in  about  5  min- 
utes. I  apologize  for  the  delay. 
^JKecess  taken.) 

Mr.  WAUiiiKN.  I  apologize  for  the  interruption.  As  I  understand 
it,  the  next  witness  is  Dr.  Pry,  thO  executive  vice  president  for  Re- 
search and  Development  at  (Jould,  Incorporated.  Welcome  to  the 
committee,  Dr.  Pry.  Your  written  statement  will  be  made  part  of 
the  record,  and  please  feel  .free  to  highlight  the  points  you  feel  are 
most  important  in  whatever  way  you  feel  most  effective. 

STATEMENT  OK  DR.  ROBERT  II.  PRY,  EXECUTIVE  VICE  PRKSI- 
DENT  FOR  KKSKAKCII  AND  DEVELOPMENT,  COULD,  INC.  (RE- 
TIRED)  ,     .      '  T 

Dr.  Phy.  Thank  you  very  much.  I  \xtn  delighted  to  be  once  more 
before  thiw  committee.  I  have  to  hasten  to  add  that  I  have  been 
•  misrepresented  in  my  introduction.  When  I  was  originally  naked  to 
•     testify,  actually,  on  the  mettfer  of  NSF  and  the  Bureau  last  year, 
that  was  the  initial  invitation  that  went  out  to  me.  During  that 
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time,  I  wiih  indeed  vice  chairman , of  Gould.  Since  that  time,  and^it 
has  been  a  year  since  (he  original  request,  I  have  retired  from 
(rould,  so  I  am  a  recently  retired  vice  chairman  of  Gould,  Inc., 
whew  I  spent  the  last  year,  as  a  matter  of  fact,  looking  specifically 
at  the  whole  issue  of  internal  technologies  in  the  company,  icupar- 
ticular,  manufacturing  technologies. 

I  am  currently  an  executive  consultant  16  industry,  government 
and  universities,  concentrating  on  ways  to  focus  our  combined  tech- 
nical talents  andjorganization  to  improve  short  and  lpng  term  com- 
petitiveness. Among  my  credentials  before  this  committee  are  a 
number  of  what  one  might  call  unpaid  if  not  uncompensated  activi- 
ties, including  membership  on  the  board  of  the  National  Electrical 
Manufacturers  Association,  where  I  suggested  an  initiative  on  auto- 
mation. I  am  on  the  Energy  Research  Advisory  Board  of  DOE  in 
which  capacity  I  have  given  testimony  before  this  committee 
before,  the  Industrial  Advisory  Board  of  the  National  Science 
Foundation,  the  Statutory  Advisory  Committee  of  the  National 
Bureau  of  Standards,  and  the  boards  of  a  few  small  technology 
companies,  and  on  the  advisory  boards  of  a  number  of  engineering 
schools  and  management  schools  of  several  universities.  I  am  also  a 
member  if  Illinois'  Governor  Thompson's  Commission  on  Science 
and  Technology,  and  I  recently  joined  the  staff  at  MIT  where, 
among  other  things,  I  am  helping  them  set  tip  a  program  in  manu- 
facturing management  between  the  Sloan  anc}  engineering  schools 
and  a  thrust  in  manufacturing  research  and  development. 

•It  in  from  this  background,  then,  that  I  draw  my  observations 
and  comments.  However,  I  speak  obviously  for  myself  as  a  con- 
cerned citizen  rather  than  for  any  of  these  groups. 

I  am  please  to  ha^e  the  opportunity  to  join  the  distinguished 
panel  of  people  to  address  these  issues  of  Federal  organization 
structure  needed  to  change  our  technological  well  being  and  com- 
petitiveness and  the  specific  issue  of  manufacturing 'technology. 

First,  I  would  like,  as  the  Senator  did  earlier,  to  give  a  preamble 
to  put  some  of  these  issues  in  context.  During  the  last  couple  of 
years  we  have  witnessed  and  been  $arty  to  a  debate  on  internation- 
al cortWtitiveness  unequalled  since  tjhe  debates  following  the  Sput- 
nik launch  of  the  late  U)f)0  s.  The  debate  has  focused  upon  the  in- 
roads that  the  Japanese  and  Europeans  have  made  in  oUr  domestic 
markets.  Recently,  the  reasons  advanced  for  the  decline  of  U.S. 
competitiveness  abroad  have  been  largely  attributed  to  a  perceived 
reduction  in  this  Nation's  technological  capabilities.  I  would  like  to 
(luestion  the  single-mindedness  of  that  position  before  discussing 
the  issues  of  advanced  technology  before  the  committee  today. 

ffhe  Nation's  ability  to  sell  its  produdta  abroad  is  dependent  upon 
product  price  and  quality,  as  well  ob  other  importing  nation's 
direct  and  indirect  constraints  on  frefe  trade.  Setting  these  coti- 
traintl  aside  lor  a  moment,  the  price  o{f  goods  sold  abroad  is  detejr- 
minedfby  both  the  cost  of  U.S.  production  and  the  value  of  the  U.S. 
dollar  relative  to  foreign  currency.  I  suggest  that  a  major  problem 
in ynur  international  *  competitiveness  ifl  the  current  value  of  the 
UW.  dollar,  which  has  increased  in  recent  times  relative  to  our 
f)ther  trading  partners  by  2f>  to  50  percent.  This  means,  of  course, 
that  other  countries  can  undercut  the  price  gf  U.S.  producers,  both 
within  the  United  States  and  internationally.  This  is  not  to  suggest 


474, 

that  productivity  and  quality  are  not  issues  of  great  significance, 
because  they  are.  However,  many  of  our  short-run  international 
trade  difficulties  are  at  least  as  involved  with  fiscal  policy  as  with 
technological  policy. 

I  bring  up  this  point  fir>t  hecause  our  near  term  trade  problems 
are  far  more  likely  to  be  solved  by  addressing  fiscal  than  by  ad- 
dressing technology  policy.  However,  let  me  hasten  to  add  that  our 
long-term  competitiveness  internationally  can  only  be  assured  by  a 
policy  aimed  at  reasserting  technological  leadership  in  a  partner- 
ship of  all  our  talents  in  the  Government,  industry,  and  university 
sectors. 

So,  in  the  long  term,  the  issue  before  us  is  the  appropriate  role  of 
government  in  assuring  the  health  and  advance  of  technology  and 
technology  talents  in  the  United  States,  Let  me  begin  the  discus- 
sion  by  setting  forth  eight  broad  areas  where  I  believe  the  Govern- 
ment has  a  clear  role  to  play.  These  are:  Education  at  all  levels; 
basic  and  applied  scientific  research;  engineering  research  in  ge- 
neric technologies  underlying  broad  business  segments,  where  little 
Federal  effort  has  been  expended  except  in  the  area  of  energy; 
technical  information  dissemination,  especially  to  smaJJ  businesses; 
establishment  of  basic  standards  or  means  of  assurance  of  quality 
in  commerce;  performance  and  funding  of  specific  areas  of  research 
relating  to  the  nation's  security,  which  we  do  a  lot  of,  or  to  major 
national  strategic  objectives,  where  we  do  very  little;  tax  and  other 
incentive^  to  help  catalyze  industry  formation  and  growth  where 
approprwjfofo  to  the  Nation's  advancement;  and  regulation  and  con- 
trol  wh^pjjieeded  to  assure  the  Nation's  health,  safety,  and  Wel- 
fare. V 

1  don't  believe  any  single  agency  of  Government  can  serve  in  all 
of  these  areas  with  equal  zeal  and  competence;  nor  should  any  try 
to  do  so,  Bach  of  these  areas  are  so  broad  and  so  pervasive  in  their 
effect  on  our  future  that  they  are  left  to  a  single  agency  at  the  Na- 
tion's peril.  Only  by  a  combination  of  approaches  can  we  have  any 
assurance  of  making  the  right  choices.  Centralization  of  authority 
is  appealing  because  it  is.  neat  and  simple.  History  repeatedly  has 
shown,  however,  the  folly  of  this  approach,  whether  in  the  defense 
or  the  commercial  sector. 

Now  let  me  try  to  outline  a  set  of  principles  that  help  me,  at 
least,  in  thinking  through  the  problem  before  us  today. 

In  the  area  of  science  and  technology,  the  critical  commodity  is 
the  minds  of  men.  In  the  near  term,  regardless  of  the  money  spent, 
this  is,  to  a  first  approximation,  a  zero  sum  game  except,  of  course, 
with  respect  to  the  need  and  a  fairly  urgent  need  to  Upgrade  uni- 
versity engineering  facilities  which  are  woefully  behind  even  our 
lagging  commercial  sectors.  The  question  to  address  is  what  is  the 
proper  rebalancing  of  things  to  do,  not  necessarily <^vhat  more 
should  we  do.  Expanding  the  money  overall  in  science  and  technol- 
ogy in  the  short  term  only  means  doing  more  things  less  well. 

In  the  intermediate  and  long  term,  this  critical  commodity  can 
he  expanded  through  education  with  some  fiull  through  incentives 
from  an  economic  emphasis  in  critical  areas. 

Reshuffling  existing  agencies  and  funding  into  different  agglom- 
erations, which  has  been^proposed  in  the  past,  without  major  redi- 
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reetion  of  object ives  only  creates,  in  my  view,  Conlutiion  without 
any  fundamental  change. 

Mixing  many  objectives  in  a  single  agency  also  tends  to  contuse 
agency  p\irpo$e  and  decrease  effectiveness  in  some  of  the  functions. 
For  example,  stimulation  and  regulation,  in  DOE,  and  broad  educa- 
tion and  specific  research  and  development.  I  think  we  have  evi-  . 
donee  that  NSK  is  ripping  its  knickers  attempting  to  approach  that 
one.  Intimate  mixing  of  contracting  and  performing  research,  and  I 
mean  here  intimate  mixing  which,  in  some  cases,  in  the  Govern- 
ment laboratories,  tends  to  give  some  rather  narrow  mindedness  in 
terms  of  wlj4fc°tH  supported. 

,\    Lastly,  creating  organizations  to  study  already  well  defined  prob-  ' 
Jems  bf  a  sure  and  efficient  way  of  postponing' decisionmaking. 

I  would  like  to  just  make  one^ther  remark  before  reviewing  thtT^ 
particular  bills  being  considered  I  do  firmly  believe  that  additional 
und/or  different  initiatives  aVe  required  to  better  stimulate  engi- 

•  neering  research  and  technology  development  in  this  country.  As  I 
mentioned  under  the  first  principle  I  mentioned  above,  this  means 
arranging  to  better  utilize  existing  manpower  in  industry,  insti- 
tutes, universities,  and  government  to  improve  our  technological  . 
base  and  accelerate  bringing  science  to  market  with  quality,  econo- 
my, anc|  safety. 

The  National  Science  Foundation,  in  my  View,  is  an  excellent 
agency  for  science  and  engineering  education  support  and  science 
and  basic  engineering  research  support,  but) fundamentally  and  cul- 
turally has  a  problem  in  understanding  and  dealipp  with  specific 
engineering- Research,  applied  research,  and  generic  technology  de- 
velopment at  a  nationally  meaningful  level.  Our  defense  agencies 
have  a  history  of  successful  research  and  development  using  all 
sectors,  industry,  university,  and  government.  Altfljiugkthe  fallout 
from  that  work  has  had  important  nondefense  Hftsequences,  its 
mission  necessarily  creates  blind  spots  relative  to  national  nonde- 
fense  economic  and  related  science  and  technology  bases. 

The  National  Bureau  of  Standards  in  the  Departmewf  of  Com- 
merce, in  a  slightly  broader  context  than  it  now  has,  might  be  de- 
scribed as  the  Nation's  corp&rate  laboratory  and  probably  among 
the  Nation^  laboratories  in' the  Federal  sector  has  more  interac- 
tion with  industry  thfcn  any  other.  As  such,  I  personally  believe  it 
belongs  etyictly  where  it  is.  It  provides  a  superb  interaction  with 
industry  and  a  much  needed  window  on  technology  for  the  Depart- 
ment of  Commerce.  I  would  have  great  concern  if  one  turned  it  also 
into  a  large  contract  funding  ageitty.  In  short,  something  new  is 
heeded,  but  what?  ^  N 

In  jny  opinion,  H.R.  4H1  has  merit  but  is  somewhat  flawed  by  in-  ' 
(•(pirating  the  National  Bureau  of  Standards,  tb#  Patent  and 
Trademark  Office,  and  the  National  Technical  Information  Service. 
I  personally  do  not  see  any  desire  or  need  for  changing  the  mission 
of  these  groups.  They  seem  to  work  well  and  already  are  where 
they  belong.  Rearranging  money  pots  and  people  to  make  the  effort 
look  bigger  and  more  coordinated  rarely  has  a  positive  effect. 

U.K.  \2M\  is,  in  my  opinion,  if  taken  alone,  a  way  of  postponing  < 
any  positive  action.  It  is  my  belief  that  H.R,  1243  can  be  aecortK 
plished  within  current  legislation  and  administrative  guideline** 
and  should  require  really  only  congressional  encouragement  with- 
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out  additional  legislation,  &Uch  a  study  indeed  would  be  use?ul  but 
not  critical. 

H»R.  2525  is  aimed  at  the  broad  issue  of  a  national  industrial 
policy  which  has  been  recently  debated  with  varying  degrees  of 
emotion  and  common  sense.  Let  me  start  by^saying  that  the  issue 
is  not  whether  or  not  we  should  have  an  industrial  policy,  for  no 
policy  or  an  infinite  number  of*  uncoordinated  statutes  and  regula- 
tions dumped  in  a  basket  are  already V  form  of  industrihl  policy. 
The  issue  is  how  coordinated  or  at  least  internally  consistent 
should  that  policy  be.  I  favor  the  purpose  addressed  by  this  bill 
since  it  only  really  takes  the  first  logical  step  of  collecting  informa- 
Uouabout  how  conflicting  and  discouraging  or  how  coordinated 
Imd  shpportive  are  the  rules  and  regulations  wo  now  have,  taken 
all  together.  Whatf  we  do  with  the  results,  in  this  instance,  might 
indeed  be  left  better  to  be  decided*  until  after  the  results  are  in. 

The  purpose  of  H.R.  4361  as  described  in  sections  6  and  7  of  that 
proposed  bill  are,  in  my  opinion,  laudable  objectives  and  worthy  of 
a  more  detailed  examination  as  this  bill  is  considered  further. 
Rat  hvr  than  forming  a  new  Trgency,  however,  it  s^ems  to  me  that 
many  of  its  objectives  already  have  somt? roots  ejther  currently  or 
in  history  in  the  Department  of  Commerce.  It  is  not  clear  to  me 
why  a  new  agency  is  required  over  a  clear  mandate  to  the  Depart- 
ment of  Commerce  which  now  has  a  lean  but  knowledgeable  staff 
in  many  areas  of  the  hill. 

I  might  just  say  parenthetically  that  I  recently  had  an  opportuni- 
ty to  talk  to  Secretary  Baldrige  in  connection  with  the  activities  of 
the  visiting  committ^s  of  NBS.  In  my  opinion,  I  believe  that  he 
has  a  better  grasp  on  technological  issues  than  any  Secretary  of 
Commerce,  at  least  in  my  memory,  and  I  do  not  believe  that  the  - 
prpblem  with  getting  initiatives  going  in  the  Department  of  Com- 
merce lies  with  the  Secretary.  I  believe  it,  in  fact,  lies  elsewhere.  I 
can  give,you  a  pfivate  opinion,  and  Aht>t  is  from  simply  discussions 
with  a  large  number  of  people  in  and  outside  of  Government.  It  lies 


which  weighs  itself  somewhat  more  heavily  cm  defense  than  it  doefl\ 
in  the  commercial  sector.  s  » 

Mr.  Walqkkn.  Fairly  stated. 

Dr.  Pry.  Incidentally,  with  respect  to  the  machinations  of  last 
year  With  what  I  call  doo-wah-ditty,  if  one  really  wants  to  look  at 
the  international  e/fort  in  the  Government  with  respect  to  interna- 
tional trade,  it  seems  to  me  that  there  is  a  place'tohere  one  might 
think  of  a  new  agency  rather  than  tearing  the  Department  of  Com- 
merce  apart  and  stuffing  it  back  together  again  in  different  ways. 
But  I  have  digressed  a  little  bit.  < 

The  bill  mentions  $500  million  as  an  expenditure  level.  I  am  sure! 
that  is  a.  fairly  roundhouse  figure.  Nonetheless,  I  think  it  is  a  lot  1 
more  mitotic,  quite  frankly,  than  the  roughly  $20  to  $80  million 
mentioned  in  t  he  other  bills  that  I  talked  about  and  will  talk  about 
shortly.  To  put  that  in  context,  remember  that  thq  Bureau  of 
Standards,  this  last  year,  got  roughly  $115  million  of  direct  sup- 
portive funds- they  have  gotten  roughly  another  $100  million  or  so 
through  other  agencies,  but  their  pwn. budget  is  about  $115  mil- 
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]hm>  and  they  yro|;(y)HidiMvd  to  be  only  scratching  the  surface.  I 
think  roughly  10  permit  of  tKat,  for  example,  is  their  manufacture 
ing  initiative.  The  administration  and  salaries,  for  example,  for  the 
•  Government  bankruptcy  courts  is  roughly  $100  million,  to  look  at 
the  consttquences  of  lack  of  initiative  in  another  perspective.  So,  I 
believe  that  what  the  Government  dops  here  should  be  a  significant 
effort  as  opposed  tto  small  catalytic  efforts  in  a  variety  of  special- 
ized areas.  - 

Having  said  that,  however,  I  havfc  to  Repeat  again  the  assertion 
that  we  are  dealing  with  a  fixed  number  of  good  minds  in  the.  sfioH 
run.  JVhen  we  spend  the  equivalent  of  $500*  million  worth  of  talent 
and  support  or  this  kind  of  generic  activity,  we  really  ought  to  ask 
.  what  we  are  going  to  have  them  not  work  on.  If  we  cannot  find.finy 
activity  of  less  imjfort^nce  to  stop  working  on,  then  we  ought  to  re- 
examine how  important  this  initiative  really  is.  ; '  y  . 

Finally,  I  would  like  to  comment  briefly  on  H.R.  4407  and  H.R. 
44 lo,  the  two  bills „that  are  complimentary  approajtfes  to* a  rathfer 
lihiited,  technology ;* namely,  autcrtfiated  design,  manufacturing,  and 
testing..  However,  in  its  present  form,  H.R.  4047  is  jn  fact  restricted 
to  roBotics  and  automated  manufacturing  systems,. 

Although  each  of  these  bills  has  merit;  and  I  must  sty  I  am 
speaking  perhaps  more  broadly  than 'from  a  geMlsh.  purpcfte  since 
some  of  my  activities  at  MIT  are  in  fact  to  help  them  set  up  a 
conies  in  these  kinds  of  activities.  Nevertheless,  in.  my  view,  tftey 
are  far  too  restricted  in  scope  and  in  suggested  fundrag.  Til  proceed 
along  these  lines  would  inevitably  lead,  in  my  opinion*,  to  &n  auto; 
mated*  office  biUja.  bioengineering  development  bill, 'a  design  for 
^manufacturing  bfl,  and  so  on,  in  the  areas  of  various  weaknesses 
NlQ  our  industrial  complex.  It  just  seems  tovme  that  the  issue. we 
face  is>an  issue  of  policy  creation  for  the  ongoing  partnership  be- 
tween the  private  ftnd  public  sector  for  the  assurance  (jf  job  -cre- 
ation, international  competitiveness,  and  the  stimulation  of  the 
positive  benefits  of  technology  before  the  fyct  rather  than  govern- 
ment* control  of  the  negative  effects  of  technology  after  the  fact.  If 
Jhis  is  the  case,  then  we  should  get  on  with  drafting  ^comprehen- 
sive bill  along  the  lines  of  H.R/ 4361  rathqr  than  tafc  a  f&tfemeal 
approach.  *  y 

In  closing,  I  understand  what  the  political  problems  are.  in  get- 
ting nf  this  kind  of  A  comprehensive  bill.  On  the  other  hand,  the 
idea  of  starting  a  s*all  bill  with  the  idea  that  that  w  going  to-serve 
as  an  example  I  am  afraid  writes  for  ys  a  timetable  which  is  far 
too  long  to  be  effective  in  this  area  of  supporting  U.S.  technology. 
\  Thank  you  very  much.  I  would  be  glad  to  answer  any  questions. 

|ThV  prepared  statement  of  Dr.  Pry  follows:] 


( 


19-0C7  O  -  ()'>  ->  .11 


Ml 


\ 


■■'.;$«■ ;  TESTIMONY 
-     ■'  •    •  OF 


.    k  DM,  ROBERT  K  PRY 

*  % 

'.  BEFORE  THE  "  ■ 

*  ■ 

tyWOMMITTEE  ON  SCIENCE;  RESEARCH  AND  TECHNOLOGY 

OF  THE 
V" 

COMMITTEE  .ON  5CIFNCE  AND  TECHNOLOGY 


m  %    OF 'THE  '  ■" 

US.  HOUSE  OP  REPRESENTATIVES 
t 


482  ,p 


*       Uiod  Mrirttirujj  Mr.  Chairman.  '    ,  < 

•    :  .  * 

My  n/nn<»  is  Robert  Pry  qnd  I  am  recently  retired  Vice  Choirmon-Tecjinology 
ciff  <if»uVl  Iru  0  \M  billion  dollar  electronics  obmpan|  located  in  Rolling  Moodows,  Illinois, 
rt  'suburb  of  Chicago.  I  am  currently  on  <?xeojlive  rofjsfjl tartf  to  industry, government  and 


y,  government 
ilrtti  <fru?nls 


university*  concentrating  an   ways   lo    focus   our    combined    technical  Ityenls  and 

organization  to  improve  short  and  long  term  competitiveness.    Among  my  credentials 

before  this  committee  are  o  number  of  "unpaid"  activities,  inclining  membership  on  the 

■  >>* 

Board  of   the  NjotirAml   riectricnl    Manufacturers  Associotlon,   The  Lnerqy  Research 

'  *        '  . 
Advisory  Hoard  nf  l)OI:,  The  Industrial  Advisory  Board  of  NSF, Lhe  Statutory  Advisory 

Committee  of  the  National  Bureau  of  Standards,  the  Board  s/if  a  few  small  technology 

companies,  and  on  the  mlvisory  boords  of  engineering  schools  aVi  manogement  schools  of 

several  universities,   I  urn  also  n  member  of  Illinois'  Governor  Thompson's  Commission  on 

Science  and  Technology  <jnd  I  recently  joined  the  staff  of  MIT.  , 

If -is  -from  this  background   that   I  drow  my  observations  ond  comrrfents. 


rUt'wevcr,  ^^j^  ,m'y  '0f  rny*r"  01  0  ronrrtrn^(^  citizen  rother  than  for  qny  of  these 
groups.  , 

I  am  pleased  to  have  the  opportunity  to  join  the  distinguished  gentlemen  on 
•this  panel  fo  address  the  Issues  of  the  Federal  organi/otion  structure,  needed  ta  enhance 
our  technological  weU-being  and  competitiveness  and  the  specific  Issue  of  manufacturing 
technqloqf.  *  ' 

First,  a  preamble  to  put  these  Issuws  In  context.  During  the  last  two  years, 
we  have  witnessed  and  been  party  fo  a  debate  on  inter  not  lOnol  competitiveness  unequalled 
sinc  e  the  debutes  followin/j  the  Sputnik  launch  of  Hie  1950'*.  The  debate' has  focused 
upon  the  inroads  that  the  Japanese  and  EuropeonS  have  made  into  our  domestic  markets. 
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Recently,  the  reas^ii.odvrmi  ed  for.lhe  dm  line  of  ( J,S.  competitiveness  abroad  hove  been 
largely  ottrihuled  t]p  o  perceived  reduction  in  Jhis  notion's  technological  c:o|mMN Mcps.  I 
would  like,  to  queatHpn  the  slngle-mindednew  of  this  posi^  before  discussing  the  issue* 
of  advanced  lechnoloV^  be  fori?  the  Committee  today' 

%  nalidfiVubilily  to  sell  Its  products  abroad  ii  dopendent  upon  product  price 
and  qualify,  as  well  us  oilier  iriipur ting  notions'  direct  and  indirect  constraints  on  free 
4  trade.  Setting  these  constraints  aside  tar  a  moment,  the  price  of  qoodjfcold  obroad  Is  . 
determined  by  both-  the  cost  of  U.S.  production  and  the  volue  of  the  U,S,  dolftir  relotive 
to  foreign  c  urrencies.  I  si*jqe*l  that  a  major  problem  of  our  international  Qompelltivo- 
net^K'-the  <>,rre/it  value  of  tjie  U.S.  dollar,  which  has  increased  In  recent  times  relative 
to  our  jrajpp  partners  by  lh  to  M)%.  this  means,  of  course,  thai  other  countries,  con 
undercut  the  prices  of  U.S.  producers  both  Within  the  U.S.  and  internationally.  'This  Is 
not  to  suggest  that  productivity  and  quality  are  not  issues  c^great  significance,  becoi/sr 
they  nr*.  However,  many  of  our  short  run  international  trade  difficulties  are  at  leqst  os 
Involved  with  final  jiolicy  as  with  technology  policy,  ;v  ■ 

I  bring  up  this  point  \\t\i  because  our  near' term  trade  problems  are  for  more 
likely  to  be  solved  by,  addressing  fiscal  policy  than  by  addressing  technology  policy.,. 
However,  let  .me  hasten  to  add  that  nur  long  term  competitiveness  internationally  can 
only  he  assured  by  a  palic  y  aimed  at  reasserting  technological  leadrrship  In  a  partnership 
of  all  oxif  tolcnts  in  government,  Industry  am)  university  sectors. 

.So,  in  thedong  term,  the  issue  before  us  is  the  appropriate  rale  of  government 
in  assuming  the  health  and  advance  of  technology  ond  technology  talents  in  the  United 
Motes.  Let  me  begin  this  discussion  by  setting  ■  forth  eight  broad  areas  whefe  the 
(viovernment  lias  a  ( l*or  rolr  to  pla^.    These  dret 

I.  H.  due  a  Hon  at  all  levels 

Basic  and  Applied  Scientific  Research 

j.  Unginerrlng  Research  In  Generic  Technologies  underlying  broad  business 
segments* 
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4,  Technical  information  dissemination  especially  to  small  businesses  ( 
■  1 

*    5.  TstuWishmenl  of.basle  standords  or  means  of  assurance  of  quality 

(»\  Performance  and  .ffAding  of  specific  oreo  reseorch  reloting  to  the 
nations  security  or/to  major  notionol  strategic  objectives 

7.   Tax  and  other  incentives  to  help  catoly/e  industry  formation  ond 
qrowth  where  appropriate  to  the  nation's  advancement 

^U.  isolation  ond  tontrol  where  needed  to  assure  nationol  heolth,  sofety  and 
welfare.  \  •  "  * 

♦  • 

I  do  lot  befieve  any  single  agency  of  government  con  serve  aU  of  these  areas 

with  equal *eal  and  competence;  nor  should  <my  try  to  do  so,  Eoch  of  these  eight  areas 
ore  so  brood  .and  so  pervasive  fn  their  effect  on  our  future  that  they  are  left  to  a  single 
oqency'nt  tfte  nation's  peril.  Only^by  a  combination  of  approaches  can  we  hove  any 
osiurnnrf*  of  making  the  right  choices,  Centralization  of  outhority  is  oppeoli'ng  because 
it  tajteut'and  simple.'  History  repeatedly  ha?  shown  the  folly  of  this  approach,  however, 
whethy  in  the>  defense  or  the  cbmmereiol  sec  tori 

Mow  (el  me  try  to  outline  a. set  of  prlngiples  that  help  me  in  thinking* thrpligh 
the  protyem  before  us*  today. 

k  I.   In  the  orf'U  of  science  ami  technology,  th*  crlticql  commodity  is  the  minds 
of  men..  In  the  near  tftrm,  regordlcss  of  the  money  spent,  this  is  a  zero  sum  gome,  .Jhe 
question  to  address  is  what  is  the  proper  rebalancing  of  things  to  do,  not  what  more 
should*  we  do.  HxpandU^  the  money  oyeroll  In  science  ond  technoJogy  only  means  we  will 
"do  more  things  less  we  Ik  * 

2.     In  the  Intermediate  and  lang  term,  this,  critical  commodity  can  be, 

Q 

expanded  through  education* with  sorne  pull  through  incentives  from  economic  omphasis  in 
critlcoU  oreos. 

#  3,    Reshufftlng^existing  agencies  ond  funding  Into  different  agglomeration^ 
without  major  redirection  of  objectives  only  creates  confusion  without  any  fundamental 
Change.*  ,  * 


r 
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h,  Mixing  rhciny  objec  fives  in  «  single  agency  tends  to  confuse  nqency  purpose 
and  decreases  effectiveness  of  some  functions  (e.g.,  stimulation  and  regulation!  broad 
^education  and  specific  research  ond  development}.  In  ti  mote  mixing  of  contracting  ond 
performing  research), 

5.    Creating  organizations  to  study  olready  defined  problems  Is  a  sure  qnd 


efficient  way  of  postponing  decision  rooking. 
%  i  ..  .  ■  > 


/ 


I  would  like  Ho  moke  just  one  other  remark  before  reviewing  the  particular 
bitls  being  considered.  I  do  firmly  believe  thot  odditionol  and/or  different  initiatives  ore* 
required  to  better  stimulate  Engineering  Research  and  Technology  Development  In  this 
country.  As  1  mentioned  under  principle  I  above,  this  means  orranging  to  better  utilize 
existing  manpower  in  industry,  institutes,  universities  ond  government  to'  Improve  our 
technological  base  and  accelerate  bringing  science" to  market  with  quolity,  ccanonfy  ond 
safety. 

•  ^  Thr  National  Science  Foundation,  in  my  view,  Is  on  excellent  agency  for 
science  and  enqinfrrjng  education  support  and  science  research  support  but  fundamentally 
and  Culturally  has  a  problem  in  understanding  and  deoling  with  Engineering  Research  ond 
(ienrric  Technology  deveiopmrnf  at  a  nationally  meaningful  level.  Our  defense  agencies 
have  o  history  of  successful  research  ond  development  using  oil  sectors  ond,  although  .the 
fallnut  frorn-  that  work  hqs  had  important  non-defense  .  consequences,  its  mission 
.necessarily  create*- blind  spots  relative  to  1lie  notionol  non-defense  economic  ond  reloted 
science  and  technology  base.  ' 

The  National  Bureau  of  Stondards  in  the  Deportment  of  Commerce  might  be 
descfihnd  as  the  nation's  corporate  laboratory.  As  such,  I  believe  It  belongs  just  .where 
it  is.  It  provides  a  superb  Interaction  with  industry  ond  o  much  needed  Window  on 
technology  for  the  Department  of  Commerce.  I  would  have  greot  concern  if  one  \\jtr\^ 
it  also  fntfi  a  Idrge  contract  funding' agency,  In  short,  something  new  is  needed  ~  but 
what?. 
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.  In%y  oplniont  H,R.  OB  I  has  merit  but  is  qrfc.it  I  y  flowed  by  Incorporating  the 
f 

Motional  Bureau  of  Standards,  The  Patent  and  Trademark  Office  and  the  Nutionol 
T«  hnlial  Information  Service,  I  do  not  see  ony  desire  or  need  for  changing  the  mission 
al  these  groups.  They  seem  to  work  Vypti  and  ore  already  where  thoy  be  I  one), 
Rearranging  money  pots  unci  people  to  make  the  effort  look*  bigger*  ond  more  coordinated 
rarely  has  o  positive  effect,  ■   ■  • 

H.R.  Wi>  is,  in  my  opinion,  if  taken  olone,  a  woy  of  postponing  ony  positive 
action..  It  Is  my  belief  that  KR.  |24Tcon  be -accomplished  within  current  legislation  and  ■ 
administrative  guidelines  and  should  require  only  congressional  encourogemeTlt  without 
additional.  Initiation.    Such  a  study  would  be  useful  but  not  critical.  «f 

'H.R.  »2S?r)  is  aimed  al  the  broad  issue  of  a  National  Industrial  Polic  y  which 

hnt  been  recently  debated  with  varying  degrees  of  emotion  and  common  sense.    Let  me 

start  by  saying  that  the  Issue  is  not  whether  or  not  we  should  hdve  an  Industrial  Policy, 

for  no  polic  y  or  an  infinate  number  of  uncoordinated  statutes  ond  regulations  dumped  in 

a  basket  are  already  a  form  of  an  Industriol  Policy,    The  issue  is  how  Coordinated  or  at 

'  -Jr* 

least  internally  consistent  should  the  policy  be,   \.  fovor  the  purpose  addressed  by  this  bill 
Since   it  only  takes  the  first  logical   step  of  collecting  the  information  about  how 
conflicting  and  discouraging  or   how  coordinated"  and  supportive  are   the  rules  ond  • 
regulations  we  now  have  token  all  together**'  What  we  do  with  the  results,  in  this 
instance,  miqhl  V^t  4>e  left  to  decide  until  the  resplts  ore  in. 

The  'purposes  0f  HR.  436 1  as  described  in  5ectlon  6  and  7  ore  loadable 

V      \  ■ 

objectives  and  are  worthy  of  0  more  detailed  examination  as  this  bill  is  considered  , 
further.    Rother  limn  forming  a  new  agency,  however,  it  seems  to  me  thot  many  of  its  , 
'  objectives' dlready  have  some  roots  either  currently  or  in  history  within  the  Deportment **V%^/  . 
of  Commerce,  '  It  is  not  cleor  to  "me  why  o  new  ogency  is  required  over  a  clear  mondgte 
to  the  Depart  rnent  pf  Commerce  which  now  has  a  lean  but  knowledgeable  staff  in  many 
of  the  oreos  of  the.  bill..    The  500  million  dollors  mentioned  in  the  bill  Is,  l*m  sure,  a  - 
roundhouse  fit-urg,    Nonetheless,  II  Is  mord  realistic  Jhan  the  roughly  20  to  80  million 
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mentioned  in  the  other  o<  tion  nrlented  bills.     Remember,  to  put  these  omounts  in 
perspective,  the  Bureou  of  Stondords  gets   115  million  ond  is  considered  to  be  only 
scrolchinq  the  sur.foce.   Alternotiveiy,  the  odminUtrotion  ond  salories  fpr  the  government 
.  bankruptcy  courts  is  also  .about,  100  million  dollars., 

Having  said  that,  I  must  repeat  the  assert tyn  that  we  ore  deollng  with  o.  fixed 

■9 

*  '     '  ft*" 

number  of  good  minds*  .When  we  spend  the  equivalent  of  5UD:.mil[ion- dollars  worth  of 
talent  and  support  on  this  activity,  we  should  osk  what  we  ore  pot  gjbing  to  hove  them 
work  on.  If  /we  connot  find  ony.  activity  of  lesser  importonce  to  stop,  we  should  re- 
examine how.  important  this  initiative  really  is.  ? 
•  •  **»  •  finally,  I  would  like  to  comment  briefly  on  H.R.  4407  ond  Ml 5..  These  bills 
K  ore  complementary  approaches  to  o  limited  area  of  technology;  namely,  Automated 
Design,  Manufacturing  and  Testing.  However,  in  its  present  form," H.R.  4047  is  restricted 
to  Rolwtics  and  Automated  Manufacturing  System*,  '* 

/Although  each  of  these  bills  hos  merit,  they  ore  both  (or  too  restricted  in 
scope  and  in  s»njgested  funding.  To  procetd  olong  those  lines  would  inevitoblyjeod  to  on 
automated  off  mo  Hill,  n  hiocngineerjng  development  Bill,  a  design  for  manufacturing  Bill, 
and  so  on.  It  just  seems  to  mc  that  the  issue  we  face  is  on  Issue  of  policy  creation  for 
the  ongoing  partnership  between  the  private  and  public  sector  for  the  assurance  of  job 
creation,  international  competitiveness  ond  the  stimulation  of  the  positive  benefits  of 
technoloqy  before  the  fact  rather  than  govern/nent  control  of  the  negative  effects  of 
technology  after  the  fact.  If  this  is  the  cose,  then  we  should  get  on  with  the  drafting 
^of  a  comprehensive  bill  olonrj  the  lines  of  H.R.  4361  rather  than  a  piecemeal  pdtchwork 
approoch.  * 


\ 


Mr.  Wmxjrrn.  Tknnk  ybu  yery  much,  Dr,  Pry.  It  is  interesting 
testimony.     .  1       * ,  * 

What  are  some  of  the  political  difficulties  of  mounting  a  major 
initiative  in  the  areaialong  the  lines  of  H.R.  4361?  I  think  in  some 
sense  it  makes  sense 'to  ictentifyMhe 'enemy,  if  that  is, the  .case.  If 
there  are  attitudes  or  interests  tnat  are  opposed,  I  suppose  We*  have 
to  really  figure  out  who  they  are  and  gee»what  direction  is" best  to 
go  in  to  try  to  get  there.  .  k 

Dr.  Pry.  With  all  respect,  I  think  they  are  us.  The  difficulty  that 
we  have  as  a  society  in  coming  to  grips  with  the  appropriate  role  Of 
th£  Government  in  the  support  of  what  is  considered  to  b^  private 
enterprise  in  the  end  gives  us  a  great  pause.  It  is  far  better  now 
than  it  was,  say,  10  years  ago  in  terms  of  the  attitucU/at  that  time 
that  the  Federal  Government  should  not  spend  any  mon$y  which 
nyght  result  in  a  profit  for  a  specific  corporation.  \  think  that  view 
is  beginning  to  turn  around  a  little  bit  in  recognition  of  the  fact 
that  that  profit  is  trivial  if  the  actual  original  Work  was  done  in 
the  national  interest  *  That  profit  is  trivial  compared  i;o  the  job  cre- 
ation and  national  purpose  that  is  served  as  a  consequence  of  that 
incentive  driven  wyrk  that  is  done  in  the  private  sector  as  a  result 
of  Federal  support.  *  -  cT  * :. 

Nonetheless,  we' still- have  a  great*  deal  of  conservative  thinking 
in  this  area,  in  my  vyew.  V* 

The  other  problem,  quite  frankly,  in  this  area  of  industrial  engi- 
neering research  is  that  it  is  not  neat  enough.  It  is  hot  jazzy 
enough.  We  seem  to  have  little  problem  in  funding  whafe.I  mi^ht1 
consider  cathedral  building,  that  is,  the  sppce  efforts  and'the  high 
energy  physics  efforts  that  are, to  a  certain  extent,  as'  I  'say,  they 
are  like  building  a  cathedral  in  the  Middle  Ages,  It  is  something 
beautiful  to  look  at  and  delightful  to  behold,  but  may  or^may  not 
have  a  dramatic  effect  on  the  well  being  of  the  citizens  in  the  short 
*    run.  } 

This,  I  think,  has  come  out  of  a|P  attitude  that  started  in  this 
country  in  the  late  1940s  and  early  1950's  and  has  persisted  since 
that  time.  It^is  a  relatively  new  attitude,  if  one  looks  bacjkjn  histo- 
ry, It  certainly  was  not  the  case  aroun^  the  turn  of  thfe  century 
where  \ye  had  a  very  great  emphasis  on  technology.  So,  I  , think  the 
problems  are  us.  They  manifest  themselvra  by  administration  atti- 
tude, by  some  of  us  in  the  House  and  Senate  taking  p^itipnsVhat 
are  adversary  with  respect  to  private  enterprise  and  nohconstruc- 
tive  in  that-area,  but  I  think  that  is  simply  reflective  of  aft  attitude 
of  the  country  at  large.  '  / 

Mr.  Waugren.  What  do  you  project  in  terms  of  future  1wels  of 
unemployment  when  you  look  down  the  road?  You  emphasize,  at 
the  end  of  your  statement,  that  what  we  really  have  is  an  issue  of 
governmental  policy  to*  assure  job  creation.  That  is  another  area 
where  we  really  have  had  a  very  uncertain  truriijaiet  from  our  polit- 
4 .  ical  leadership,  the  view  that  the  Federal*Government  really  is  not 
responsible  and  should  not  feel  responsible  for  the  levera  of  em- 
ployment or  particularly  job  creation.  • 

Dr.  Pry.  Well,  we  either  have  to  have  some  responsibility  for  job/ 
creation  or  welfare,  one  of  the  two.  Trying  to  draw  a  specific  quali- 
tative statement  relative  to  what  would  happen  if  we  did  not  start  - 
-   initiatives  I  think  has  to  be  related  to  what  has  beep  happening. 

«  i  ,  * 
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/  One  might  project,  for  example,  the  increasing  deficit,  in  fact,  on  . 
/    export /import  in  manufactured  hardwoods  and  take  the  general 
/     supposition  that  it  takes  on  the  order  of,  let'a  be  generous,  $200,000 
of  export  sales  per  person  eiji  ployed,  and  jusf  project  those  employ- 
ment-figures forward*l?y  industrial  sector.  You  recognize  what  the 
national  implications  are  of  a  continued  trend  in  overseas  pur- 
chases  as  opposed  to  both  manufacturing  for  sale  at  home  and. 
?     international  trade.  And  that  is  talking  about  it  in  terms  of" fixed 
current  industries  not  including  new  are&s.  * 

Most  of  the  new  hires*  of  course,  in  industries  and  certainly  most 
of  the  new  hires  in  new;  fields  are  by  small  business  starts,  an  area 
which  I  think  has  beeti  largely  neglected  until  very  recently  in 
Congress  *in  looking  at  the  question  of  job  creation  and  stimulation. 
There  has  been  a  past  attitude  that  you  don't  really  have  to  spend 
money  to  help  General  Motors  and  to  help  General  Electric  where, 
indeed,  in  the  manufacturing  Sector,  rotighly  2  percent  of  our  com- 
panies account  foj  something  like  half  of  the  gross  national  prod- 
uct in  that  sector.  * 

On  the  other  hand,  looked  at  another  .way,  the  other  half  is  gen- 
erated by  people  in  companies  of  less  than  500  people  apiece.  So, 
the  small  company's  start  "and  the  shvall  company's  stimulation 
and  growth  is  another  area  where  I  believe  the  Government  in 
some  of  its  newer  initiatives  is  beginning  to  recognize  that,  job  cre- 
ation is  indeed  part  of  its  function. 

Mr.  Walgrbn.  I  think  you  put  your  finger  on  something  that  is 
pretty  important  given  the  deficit  and  its  impact  on  the  trade  bal- 
ance. 4  K 

Dr.  Pry.  I  arrysure  you  are  more  aware  than  J  am  that  each  of 
,       those  people  witn  a  new  job  votes.  ' 

Mr,  Walgrkn.  Well,  that  may  be. 

I  would  like  to  recognize  the  gentleman  from  Florida, 
'MacKay,  and  I  apologize  because  4fe  are  going  to  be  interrupted 
here  before  we  can  finish  with  the  witness,  but  I  hope  Mr.  Boehlert 

can  come  back. 

Mr.  MacKay.  Dr.  Pry,-this  is  fascinating  testimony.  You,  on  page 
♦V put  the  spotlight  on  a  very  significant  issue,  arid  that  is  the 
shortage  of  trained,  skilled,  and  innovative  minds  may  be  greater 
*  than  the  shortage  of  dollars  as  far  as  being  a  gqjte  or  a  bottleneck 
in  this  whote  technology  and  innovation  stimulation  process.  You 
are  saying  if  we  pour  more  rtioney  into  the  other  aspects  of  it  and 
don't  have  more  minds  available,  we  many  end  up  doing  more 
!     things  less -well.  I  think  that  is  a  very  interesting  observation. 

The  question  is,  is  government  now  defing  some  things  that  make 
1  that  shortage  worse?  In  other  words,  we  are  in  our  military  R&D 
effort  effectively  funding  a  situation,  where  they  are  more  than 
competitive.*- It  is  more  attractive  to  do  research  in  the  military 
area  thdn  it  is  in  the  civilian  area.  m  *  # 

Dr.  Pry.  You  got  the  thrust  of  my  remark  very  well.  That  indeed 
is  it.  If  you  look  over  past  time,  I  have  in  a  sens^  less  concern  over 
our  expenditure^  in  government  R&D. in  military  and  defense  sec- 
tors with  respect  to  the  money  gpent.  I  have  less  concern  than  I  do 
•  with  respect  to  the  shifting  in  emphasis  of  not  only  the  poeple  who 
are  mature  and.working  in  those  fields  but  the  training  of  young 
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people.  That  in,  wo  Hpehd  moVtf.and  more  money  in  these  areas,  we 
wiH  continue  to  warp  the  direction  tot'  our  riatiphal  effort. 

If  one,  foV  example,  turned  toround  and  fepent  let's  say  $500  mil- 
lion* in  the  industrial  sector  and  didn't  do  it  wisely,  you  may  find, 
for  example,  if  it  were  put  into  government  laboratories,  th^t  all 
that  you  would  do  is  steal  more  professors  from  the  campus  and 
make.it  less  possible  to  generate. the  new  people  that  we  need.  So,  I 
think  one  hate  to  be  relatively  careful  in  now  one  views  this  situa-, 
,tion  and  to  recognize  that  in  the  short  run,  you  can  have  some  ad- 
verse effects  in.  what^ou  think  is  a  helpful  policy  by  not  thinking 
in  advance  whatf  th£  real  critical  gate  shortage  is.  That  is  really 
•  what  I  meant  to  say  m  those  few  statements. 

Mr,  MacKay,  Your  suggestion  is  that  we  should  be  equally  cau- 
tious in  tearing  apart  existing  agencies  and  trying  to  solve  prob- 
lems by  getting  a  tidy  structure.  .  ■  %. 

Dr.  Pry.  Yes,  ~r 

Mr.  MacKay.  I  agree  with  that,  but  tHe  problem  I  have  is  I.  don't 
find  any  existing  institution,  either  in  the  legislative  or  the  execu- 
tive branch,  which  is  doing  a  good  job  of  looking  out  to  a  longer 
term  horizon  and  trying  to  identify  where  we  might  be,  going  so 
that  we  could  be  dealing  with  the  question  of  trying  to  hfe  sure  we 
have  an  adegiiate  supply  of  manpower  trained  in  the  right  direc- 
tions and  so  forth.  What  agency  should  do  that? 

Dr.  Pry.  Well,  the  appropriate  agency,  as  I  mentioned  in  my  re- 
marks, I  think  the  National  Science  Foundation  is  an  excellent" 
body  in.  the  area  of  education  and  research  surrounding  education 
which  has  to  be  a  coordinated  activity.  I  think  they  do  that  well;  I 
am  as  frustrated  as  others  with  the  fact  that  they  are  only  spend- 
ing 10  percent  of  their  $1  billion  budget  on  the  area  of  engineering 
thrust,  but  that  is  being  corrected.  As  you  know,  there  is  a  new  di- 
rector there  who  has  an  industrial  background.  I  think  they  are  be- 
ginning to%get  the  message.  There  is  an  internal  cultural  problem 
in  trying,  to.  reassess  where  they  are  and  where  they  are  going,  but 
I  think  that"  is  a  feJfeibfe  thing.  *  *. 

\  On  the  other,  hand,  when  one  starts  to  think  about  Initiatives 
that  are  strongly  coupled  with  industry,  I' think  it  is  an  inappropri- 
ate agency.  They  are  structured  for  peer  review  among  their 
equals.  They  are  not  used  to  setting  priorities.  They  take  things 
over  the  fc^nsom,  and  evaluate  them,  and  I  think  that  that  is  ati 
inappropriate  place  for  that  kind  of  activity,  but  I  would  fully  sup- 
port NSF  in  its  educational  thrust,  educational  research  thrust, 
and  I  believe  th&t  they  are  beginning  to  get  on  the  path  of  empha- 
sizing engineering  research.  .   i  >  ; 

Mr.  MacKay.  Mr.  Chairman,  I  would  like  tq  ask  some  more  quess 
tions,  but  I  think  I  have  to  be  cowardly  and  go  vote. 

M*\  Walgrkn.  'It  ^is  true  we  ought  to  suspend  and  I  know  that 
Mr.  Boehlert  also  has  questions,  so  we  will  be,  back  with  the  game 
witness.  If  you  clh  join  us,  we  will  jtist  take  a  15  minute  recess  at 
this  point.  I  am  afraid  it  will  be  15  minutes  because  this  vote  will 
then  be  followed  by  anpther  5  minute  vote  over  there,  so  we  will 
have  to  suspend  for  about  16  minutes.       \  '  '  ' 

[Recess  taken.]       v.  , '  '  . 

Mr/ Walgrkn.  Uet  us  continue  just  for  a  second  because  I  know 
Mr.  MacKay  had  wanted  to  follow  up  and  was  stopped  by  the  cldck, 


I  wanted  to  risk,  yew  -are  upparently/given  credit' for  paying  . some- 
thing to  the  effect  that  Technology  transfers, a  cbntact  sport,  and 
yet  in.  your  testimony,  you  are  pretly  pessimistic  or  vou  don't  *put 
much  value  in*  reorganizing  these  ^r»iousv departments/. It  would 
seem  that  at  some  pointy  oughtn't^  W  to  recogrvize*  the  turf  prob- ' 
lems  develop  and  the  Jack  of  content  rkprti  one  agency  to  another 
and, not  bfeing  in  the  sanvf  structure  rewlly  creates  distance  and  an 
inability  in  a  Federal  bureaucracy,  Governmental  bureaucracy,  of 
working  together.  *  V 

Dr.  £ry.  Yes;  in  a  sense,  you  are  right.  On  the  other  hand,  my 
model  for  saying  that  reorganizing  does  not  necessarily  lead  to  ad- 
vance is  the  case  of  the,  D&pajtfUhent  of  Energy  over1  some  of  its 
former  agencies.^hat  we/did  in,  particular  in  that  case  Was  to  put 
regulation  and  stimulatiorfan  the  j^tme  agejxcy  and  I  submit  that 
tba&has  some  prpblems  associated  Svith  it.  ' 
'.AIL  J '.am  really  saying  is  that  one  has  to  think  through  what 
those  new  objectives  tffe.and  why  it  is  you  are  makihg  that  rear- 
rangement, because  if  •ft  simply  is  tojfrpup  a  set  of  seemingly  like, 
objectives,  into  a  pile  without  havingjnsome  neW  thrust  that.you'fere 
ideally  trying  to  do  it  for,  it  is  a  questionably  practice.-That  is  the 
reason  for  that  remark,       *\        »  . 
■  Mr!  Walgrkn.  I  see.         J  *\ 

Dr.  Pry.  I  haven't  been  terribly  impressed^  with  a  ffcpid  increase 
in  sideways  communication*  within  some  of 'the  Targe  agfency  Con- 
glomerations. r 

Mr.  WalgreNv  Yes,  but  at  the  same  time,  ybu  have  to  be.irti- 
pr^ssed  with  the  lack  of  sideways  Communication  between  gqyerrvr 
mental  entities.  , 

Dr.  Pry.  That  is  obviously  true.  I  "don't  deny  that,  I  think  what 
my  principal  remark  was  that  if  one  wishes  to  start  a  new  kind  of 
technology  thrust  for  domestic  industry 'that  improperly  belongs  in 
.the  domestic  industry  agejhey,  which  is 'the  Department  of  Com- 
merce.   '  '       .  .  • 

Mr.  Waujren.  The  gentleman  from  Florida/  f)id  you  want  to 
follow  up?       '  J       /     / '  r 

'  Mr.  MacKay.  You  may  hayefcovered  the  js$Ue  I  was  concerned 

about.  It  seemed  to  me  that  where  you  werfe  headed,  Dr.  Pry,  was 
♦        to.  the  conclusion  that  we  need  some,  kihcj  4>f  extension  service^  cony 
pohent  in  the  Dep^irtmen*  of  Commerce. 
Dr.  Pi^y.  That  is  correct.  That  is  correct.  f 
That  part  of  that  bill  that  is  a  sorn^whafr  broad  cha^ter-/l  have 
forgotten  what  the  number  is— has  an  element  in  it  Vhicjfr  goes 
back  to  about  the  19Ws.  When  was  th&t  first  proposed?  As*I  Recall 
^     it  was  somewhere  around  1963  or  19d4;  thejdea  of  aj  extension 
service  in  the  Department  of  Commferc^hat  was  likened  to  thev 
county  ageix£  systeip  in  the  Department^  Agriculture,  That  had  a" 
verf,  very  brief  existence  in  the  debate  process  and  was  sfiot  down  * 
in  flAmes* ,  \  ' ' 

♦Yet,  if  you  look  at,  for  example,  Georgia  Te&h, they,  have  off  ex- 
i       tension  service  in  the  State  of  Georgia  which  slwks  to  be%orking 
**  trather  well,  as  .a  matter  of  fact,  in  having  offices%  towns  arbuna 
fys      the  courttty  to  try  to  do  just  that;  to  transfer  t^hnolqgy  to1  the 
smaller  businesses  in  th&t  State.  It  remains  to  be  seen*!  think,  just* 


I 


'  h(5W  successful  that  ih  tfoiriK  to  be  inltfTe  long  run;  but  in  the  short 
run,  at  toast  in  my  visits,  it  seemed  to  be  working  rather  well. 

MivNHKKay.  I  guess  the  thing  that  got^pie  thinking  that  was 
the  comment  that  you  don't  need  to  help  GM  and  you  don't  need  to 
hfelp  General'  Eflectric;  you  need  to  help  the  small  busines&maa,  It 
.  turns  out  he  is  where  most  of  the  jobs  are  created  and  most  of  the 
innovation  is  taking  place, 

Dr.  Pry,  That  is  correct.  At  least  my  feeling,  ih  looking  at  the 
productivity  issue,  and  Japan  has  the  same  problem  that  we  do  in 
that  case*— ytfp  speak,  a  lot  about  cold,  dark  factories  like  Fanuc  in 
Japan;  but  if yoiMook  at  the  uomportfcnt  factories,  the  factories  pro- 
ducing components  for  those  system  factories,  they  are  dark  shacks 

♦  at  this  point.  3o  it  is  ih  this  country,  that  if  you  look  at  the  Boeings 
^  of  the  world  or  the  General  Electrics  of  the  world  that  are  putting 

in  automated  plants,  that  is  fine;  but  you  then  have  to  ask  where 
*do  they  get  the  components  to  go  into  their  profclucte  and  <vhat  is« 
the  productivity  of  the  incoming  inventory,  if  you  like,  that  comes 
from  a  wide  variety  of  smaller  industriesMn  the  United  States. 
That  may  be  the  sticking  point  with  respect  to  our  productivity  and 
productivity  advantage  over  the  Japarlese  in  time. 

So,  we  need  to  organize  to  help  at  that  level,  as  opposed  to  think- 
.    ing,  as  a  Congress  or  administration  or  a  people,  that  we  are  help- 
ing that  2  percent  of  the  Industries  that  supply  half  of  the  gross 
national  product  in  manufacturing.  ^; 

Mr.  MacKay.  Thank  you.  . 

Mr.  Walgken.  Thank  you,  Mr.  MacKay. 

Mr,.  Boehlert? 

"  Mr,  Borhlbrt.  I  have  np  questions,  Mr.  Chairman. 
Mr.  Walgrkn.  Well,  thank  you^Very  much,  Dr.  Pry.  We  appreci- 
■  ate  your  being  a  resource  to  the  committee  very  much. 

*  Dr^  Pry.  It  is  always  good  to  talk  to  a  fellow  Pittsburgher.  , 
*  Mr,  WALGitEN.(Thank  you.  i 

The%ext  witness  is  Donald- Vincent,  executive  vice  ptearaent  of 
the  Robotics  Industries  Association.     .  *  •  f 
\     Welcome  to  the  committee.  We  are  glad  vqy  are  here.  I  apologize 
I     for  the  delays  in  th^Mhearing  this  mornmg,Tmt  they  are  inevitable 
in  some  ways.  Your  written  statement  will  be  made  part  of  the 
record  as  a  matter  of  course.  Ffcel  free  to  proceed  and  outline  as 
you  like  to  communicate  your  points  in  whatever  way  yoi>  feel 
v     .most  effective; 
/, 

i  STATEMENT  OF  DONftLD  VINCENT,  EXECUTIVE  VICE  PKESIDBJNT^ 
ROBOTIC  INDUSTRIES  ASSOCIATION 

%       Mr.  Vincent.  Thank  you,  Mr.  Chairman. 

*       Mr.  Chairman  and  members  of  the  subcommittee,  I  am  here 
f  #    today  to  represent  the  Robotic  Industries  Association,  We  are  cer- 
tainly grateful  for  this  opportunity  to  present  testimony  on  legisla- 
.     tion,  H.R..4t)47,  and  H.K.  4415,  which  will  foster,  m  our  opinion, 
more  automated  manufacturing  in  the  United  Statdl  through  the 
use  and  implementation  of  industrial I  robots. 

.  RIA  appreciates  your  invitation  to  tyddress  this  hearing,  and  we 
{  realize  that  the  need  for  improving  the  industrial  robot  market  is 
r  something  that  needs  to  be  brought  to  this  testimony.  Certakily, 
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yther  tnethodM  of  enhancing  our  Nations  productivity  through  au- 
tomation are  clearly  stated  in  my  formal  testimony  which  we  have 
submitted  to  the  subcommittee. 

:  For  the  sake  of  time„and  because  of  our  small  delay,  I  woulN  like 
to  paraphrase  some  of  my  testimony,  but  would  proceed  to  say  that . 
it  is  ironic,  Mr.  Chairman,  that  the  technology  which  originated  in 
this  country,  the  industrial  robot— and  we  are  now  able  to  say  in- 
dustrial robot  Years  ago  we  were  Msing  the  words  "universal 
transfer  devices",  but  we  have  come  a  long  way  from  UTfVs  to  ac- 
cepting the  technology  and  thfc)  terminology  "robot",  in  industry 
and  in  the  public;  It  is  ironic  that  the  technology  invented  in 
America  has  been  utilised  more  fully  by  our  overseas  trading  part- 
ners'who,  taking  full  advantage  of  industrial  robots,  are  using  this 
technology  to  compete  against  U.S.  manufacturers  not  only  on  the 
world  market  but  more  particularly  here  at  home.  «^ 

RIA  was  founded  in  1974  as  the  U.S.  Robotics^Industry  Trade  As- 
sociation and  speaks  for  some  300  U.S.  corporations  made  up  of  in- 
dustrial  and  personal  robot  manufacture,  component  and  systems 
suppliers,  and  end  users  of  the  technology,  and  other  groups  from 
Tthe  research  comnfltmity  now  affiliated  with  our  organization. 
RIA's  membership  has  increased  by  60  percent'  in  the  past  year, 
which  indicates  that  positive  acceptance  is  taking  place  in  the  pri- 
vate sector  for  industrial  robot  technology.  Yet,  while  our  trade  as- 
sociation continues  to  make  progress,  it  is  clearly  understood  that 
our  industry  is  not  moving  ahead. 

A  recent  report  issued  by  the  U.S.  International  Trade  Commis- 
sion illustrates  the  problems  facing  U.S.  robot  producers.  Before  I 
begin  to  "detail  some  of  the  statistical  information,  I  would  like  to 
point  out  that  the  numbers  you  are  about  to  hear  are  far  lower 
than  the  projections  that  our  industry  people  make  an$J  industry 
analysts  are  making.  We  are  currently  undertaking  a  major  protect, 
in  a  new  industry  like  this  to  collect  industrial  statistics  basecron 
shipments,  imports  and  exports,  and  have  made  some  progress  irt 
getting  a  system  started  here  recently  that  would  give  us  actual  in- 
dustrial data  on  robot  equipment  that  is  manufactured  and  shipped 
both  out  of  the  country  and  brought  into  the  country.  For  now, 
until  wtv  complete,  that  project,  we  certainly  are  in  a  position  fa 
stand  by  theMTC  work  that  is  available  and  has  received  a  lot^jA 
'gopd  credit  from  our  industrial  members  of  the  trade  association^ 

Currently,  there  are  about  50  U.S.  producers  of  industrial  robots, 
and  six  firms  account  for  HO.  percent  of  the  U.S.  shipments.  But  be- 
neath the  limited  number  of  producers  that  we  have,  there  is  a 
very  important  infrastructure  of  highly  innovative,  so-called  high 
t6cn  entrepreneurial  firms  supplying  robot  equipment  and  products 
ranging  from  small  components  to  software  svflkrffis*  So*  welare  not 
just  a  trade  association  of  robot  suppliers  bdtthe  components  that 
go  into  producing  these  devices.  This  level  of^our  industry  is  as 
vital  to  preserve  as  are  the  producers  and  users  themselves, 

Jn  197»i  according  to  1TC,  some  $28  million  in  U.S.  robots  were 
sold,  and  the  ffeles  rose  to  $143  million  in  1982  and  to  $169  million 
in  1UHU.  Howler,  the  percentage  of  robot  sates  by  U.S.  producers 
to  the  domeB<J<}  market  droppedfrom  86  percent  in  1982  to  80  pen 
cent  in  198U.'lmp&rts  are  clearly  on  the  rise  aft,  foreign  'robot  pro- 
ducers move  to  capture  a  lar^^gjituirof  the  U>3.  market.  ' 
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As  the  U,S,  market  grown,  more  jobs  in  the  robotics  industry  are 
created.  Employment  in  the  U.S,  robotics  industry  has  increased, 
and  if  oUr  industry  continues  tb  grow,  we  will  have  a  large  employ- 
ment base  throughout 'the  Understates  in  a  few  short  years.  We 
sinceiely,  hope  that  these  new  jobs  being  created jwjll  remain  in  the 
United  States  and  not  leave  our  country. 

Despite  the  g'rowth'in  sales  and  projected  employment,  our  U,S, 
robot  industry  s  capacity  remains  grossly  underutilized.  Between 
1979  and  1983,  our  plants  ran  at.  half  capacity.  In  1983,  production 
dropped  to  48  percent  capacity  and  this  situation  became  worse 
when  new  producers  entered  the  industry  in  anticipation  of  a*  large 
demand  for  products,  hut  that  demand  never  materialized. 

Ourjndustry,  as  you  well  know,  is  research  and  development  in- 
tensive. According  to  the  ITC  documents,  our  R&D  expenditures  in 
l  1979  were  $6  million.  In  1983,  our  R&D  accounted  for  $30- million.  * 
During  that  time,  our  industry  suffered  extensive  losteB.  In  1982, 
the  return  was  42  percent  of  net  sales  and  drooped  even  further  (to 
49  percent  of  net  sales  in  1983.  In  shtfrt,  Mr.  Chairman,  this  indijs- 
try  needs  help  badly  and  promptly.  '  * 

Meanwhile,  our  overseas*  competitors  are  off  and  running,  Japftn 
has  installed,  at  the  end  of  1982,  nearly  32,000  robots.  By  compari- 
son1; in  the  United  States,  we  had  installed  Just  over  8,000.  The  J4p- 
anese  increase  from  197g  was  due  largely  to  government  incen- 
tives, and  in  that  tirtie  period,  they  installed  some  22,000  Robots; 
They  now  account  for  64  percent  of  the  robots  installed  worldwide. 
Tfoese  are  staggering  figures  and  put  some  reaiity  into  the  problem 
facing  this  industry  and  the  use  or  our  technology. 

It  is  not  too  late  to  correct  this  situation.  Certainly,  Western  , 
Europe  represents  the  best  market  for  U.S.  robots  next  to  our  own 
here  at  home,  We  continue  to  have  a  positive  trade  balance  of 
robots,  although  it  has  steadily  slipped  from  a  high  of  $12:7  million 
in  1981  to  $5.2  million  in  1982  and  dropped  to  $4.6  million  in  1983. 

The  legislation  pending  before  this  subcommittee  are  positive 
steps  toward  improvitjg  the  Federal  Government's  programs  in- 
tended tQ  assist  the  development  of  robotic  technology.  Certainly 
and  clearly,  the  creation  of  centers  for  industrial  technology  would 
make  a  significant  contribution  to  enhancement  of  data,  exchanges 
of  data,  and  increased  public  visibility  for  our  industry.  However, 
there  must  be  ample  protection  for  proprietary  data  in  the  role 
played  by  such, a  Federal  center,  as  our  industry  is  highly  dynamic 
and  protective  of  new  development  In  addJlion,  as  you  now,^robotifc 
technology  is  becoming  more  and  more  vital  to  our  national  de- 
fense. h  '      1  •  « 

RIA  also  applauds  expansion  of  bhe  National  Bureau  of  Stand-' 
arda'  role  tftrouglrc/dation  of  Federal  research  centers  on  robotics  * 
and  we  subrhit  that  there  be  included  in  that  agency  somei  partici- 
pation by  our  industry  in  NBS  activities  particularly  in  the  stand-  . 
ards  or  guidelines  setting  area,  because  we  have  taken  a  lead  rol$ 
for  the  United  States  in  creating  guidelines  that  would  develop  into 
^standards  for  both  user  and  manufacturer, 
i  RIA  welcomes  creation  of  the  review  board  proposed  in  section  7 
of  the  bill,  lift*  4047,  with  respect  to  the  board  cbnsideration  of 
U.S.  tax  laws  applied  to  robots  and  automated  manufacturing,  leas- 
ing, and  other  policies  a£fecting  our  industry*  However,  we  would 
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not  want  the  creation  of  the  board  to  in  any  way  hinder  efforts  to  * 
bring  about  changes  in  the  Internal  Revenue  ('ode  to  improve  the 
industrial  robot  market  here  and  abroad,  or  facilitate  specialised 
leasing  programs.      *       «  r 
PIA  favors  the  Concepts  embodies  in  the  bill,  1%R.  4415,  To 

*  permit  the  Secretary  of  Commerce  to  enter  into  agreements  with 
manufacturing  industries  not  takingvftrfl  advantage  of  automated 
technology  is  a  positive  step%  toward  market  improvement.  t 

The  identification  and  evaluation'  of  technologically  advanced 
>  manufacturing  methods  needed  in  declining  inflBstries  aswoposed 
in  section  (>  of  H.R.  4415  has, the  support  of  our  trade  association, 
as  certainly  does  the  evaluation  of  retraining  of  workers.  We 
expect  that  in  the  long  term,  employment  will  be  improved  by  au- 
tomation*. If  our  national  economy  can  be  revived  by  improvements 
•in  manufacturing  technology,  employment  will  prosper. 

Mr.  Chairman,  in  addition  to  the  support  RIA  offers /or  the  legis- 
lation proposed  here,  a  few  additional  suggestions  are  in  order. 

We  strongly  tyel  that  in  the  coming  months,  theJCongress  should 
closely  consider  a  special  package  to  improve  the  US.  industrial* 
robot  markets  Jjpth  here  and  abroad.  After  all,  we  feel  you  and 
your  . col  leagues  in  the  Copgresfc  would  agree  that  not^only  is  robot- 
ics good  for  U.S.  manufacturing,  but  so  is  the  preservation  of  our 
.positive  robotics  trade  surplus  through  export  sales. 

We  propose  the  Congress  consider  the  following  six-point  propos-  ■ 
al  to  get  America's  basic  manufacturing  industry* further  iown  the" 

*  road  tq  recovery  and  competitive  security; 

The  first 'point  would  be  tax  credits  ftfr  use  of  innovative  auto- 
mated manufacturing  technology.  •  b.  N 

The  second  would  be  low-interest  loan  guarantees  to  facilitate  in-  1  \ 
"dustrial  robot  leasing.  ^         *       *  ' 

The  third  would  be  low- interim  loan  guarantees  for  direct  pur- 
chase of  industrial  robots  bf  undercompetitive  U.S.  industries. 

Jfrmrtlj  would  be  export  incentives  through  aggressive  tax  incen- 
tives for  U.S.  producers.  * 

The  fifth  point  is  Smalh  Business  Administration  low-interest  ^ 
loan  guarantees  to  benefit  stria  11' users  and  entrepreneurial  robot 
suppliers  tmublc  to  obtain  such  financing  in  venture  capital  mar- 
kets.        #  s 

Finally,  sixth  would  hjs^p^cial  educational  incentives  for^applied 
robotics  engineering  and  research.  >  ,  *  V 

The  age  of  the  industrial  robot  Is  coming.  Whether  the  American 
industry  survives  with  sufficient  strength  to  compete  in  our  own  4 
market  as  well  as  those  abroad  is  in  large  a  decision  to  be  made  in 
this  Congress*    jm|  -  * 

One  day  soon,  the  market  problems  will  be  solved  by  increased 
demand.  We  are  very  optimistic  about  this.  I  am  sure  you  would 
agree  that  that  market  should  be  served  not  just  by  a  technology 
invented  here  but  by  a  second,  third,  and  even  fourth'generation  of 
robots  developed  in  America  as  wcill,  . 

Thank  you,  and  that  concludes  mv  semiformal  testimony, 

(The  prepared  statement  of  Mr.  Vincent  follows:) 


ERIC 


9  40(1  '  4 


498 


^  ROBOTIC  lHDU«TRU8/A9SOCUTtON  » 

'*     '    STATEMENT  BEFORE 

SUBCOMMITTEE  ON  SCIENCE,  RESEARCH  AND  TECHNOLOGY 
•    COMMITTEE  ON  SCIENCE"  AND  TRCHNOLO0Y 
•  .'  • 

U.S.  HOUSE  OF  REPRESENTATIVES 
v        .  |  '   '  WASHVHOTOMi   O.C*  ^ 

Junt.  14,  1984  0 

■  ■  ?  • 

Mr,  Chairman  and  Maabtrt  of  tht  Subcooai t tta : } 
•ft.  '  •  *  • 

Tht  Robotic  Induttriti  Attoclatlon  (RIA)  it  grattful  . 
for  tht  opportunity. to  prataiU  taatUony  on  Initiation  (H.R. 
4047)  4415)  to  totttr  *ort  tutomatad  atnuf acturln*  In  tht 
Untttd  StfttM  through^*  uh  and  i^ltmtnttifion  of  imduttrUl 
robot 9 .  , 

*"  ■ 

RIA  alio  appraclatiaa  your  invitation  to  addrata  tht 
nttd  for  improving  tht  industrial  robot  «trktt  in  eh| "U.S., 
and  othar  aathodi  of  f ac,llltaC?ng  our  nation'i  productivity 
through  automation. 

It  l»  ironic,  Mr.  Chairman,  that  a  technology  which 
orlglo.t.d  in  thl.  country  -  th.  lnduetrlal  robot  -  and  which 
o(f«r«  loch  proal.e  to  our  doae.ttc  heavy  aanuf acturlng 
Udo.trl..,  1.  having  euch  a  dl-ffcult.ti*.  -ovlng  forward, 
it  it  even  more  ironic  tiii  ehl.  technology  Indented  lh 
A..rlc.  hae  been  utllll.d  nor,  "folly  by  our  over.ee.  trading 
partner.  Who,  taking  full  edv.nte*.  of  Indu.trlel  robot*,  ara 
u.lng  our  t.chtttology  to  co.p.t.  eg.ln.t  U.8.  -en'of ecturer. 
¥   not  ofcly  on  th.  world  aatkat  but  .oreS-articular^er.  at  ho*.. 
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ftU.pa.lt.  for  .o».  300  U„J.  corporation.  *.d.  up  ( 
Of  lndu.trl'al  .ad  p.r.on.l  robot  ..nuf.ctur. r*.  ccpon.nt. 
««d  lyitni  .uppliar,,  and  u..r.,  ,nd  oth.r  group,  involve  ' 
la  robotic.  Pound.d  in  1974  ..  a  trad.  ...oci.tion  Mlugtd 
|^by  th.  SociJty  of  Manufacturing  gngl.no. rd,  RU  b.c.ol  ind.p.n- 
d.nt  in  1963,  .nd  ho.  •««„  .  60  porcont  incr.a.a  In-  — b.r.hlp 
.Inc.  thon,  . 

tat,  vhila  our  tradi  aaaoclation  is  claariy  on  thi 
«ovaf  our  industry  i^not, 

•.        .   •      :  ''•  •  s 

A  r.e.nt  r.port  iaauod  by  cha  Unit. d  Stat. a  . 
Inc.rn.tlon*!  Tr.d.  Co««ii»ion  (ITO)  illu.tr. t. a  th.  probla*. 
fdCing  U.S.  robotproducar..     B.for.  I  bagia  datailing  eh. 
.t.tl.tlo.l  infor.ation,  t  .hould  point  out  th.t  th.  nunbar. 
you  ar.  .bout  to  h.ar  ara  f.r  Uw.r  th.n  th.  proj.ction.  ..d.\ 
by  th.  lndu.try  , ana ly.ta. 

t  

Our  trad.  ..«oelat.ion  i.  currently  compiling  accurat. 
authorlt.tlv.  .t.tl.tlc.  that  vill  r.v.al  th.  tru.  .tat.  of 
Mour  lndu.try.     Until  th.  proj.ct  i.  compl.t.d,  v.  »t»nd  by 
th.  ttC  .tatiatic.  aa  tha  boat  th«t  «r«  curro.nt.iy  avahabla. 

Though  thara  ara  currtatiy  about  50  U.S.  tobot 
^  producara,  six  fltaa  account  tor',  about  <  80  parcant  of  y.S. 
•hipnanta.     But'banaath  tha  limited  nudibar  of  producart  lias 
a  vary  important  infraatructura  of  highly  irinoyativa  vao-caiiad 
"high  Caen"  antraptanaurial  flrma  supplying  producta/ranging 
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from  •kill  oooponenCa  to  software  systems.  This  l*/<jl  of  oar 
industry  is  as  vital  to  preeervs  as  ere/the  producers  and  and 
ue,era  yh*m*seivee «  <, 

}■      in  1979;  according  *to  TTC,'  aotia  $ 2B  million  In  U.S. 
robots  wsre  ioU,  and  ^ha  sales  roaa  to  $143  million  in  1982 
and  to-  $169  Billion  in  1983.     Howsvsr,  the  percentage  of  robot 
selae  by  U.S.  producers  to  tha  domestic  merket  dropped  from^ 
86  percent  In  1 98-2  Co  80  percent in  1983.     traporta  ara  clearly 
oo  tha  riee  aa  foreign  robot  producers  wove  to  capture  a 

larger;  shsra  of  tha  U..S,  market.  .  * 

i  ■  - 

•.'V  .  ■      •      .       '  •  : 

A*  tha  U.S.  aarkat  grows,  mora  Joba  in  tha  robotic* 

A* 

.industry 'are  created,    Xmplayment  in  tha  U.S.   robotic  induetry 
haa  increased  dramatically  and  if  our  U.S.  induatry  grova  w* 
will  have  a  Targe  aaploymsnt  bats  throughout  tha  U.S.  in  a 
'few  short  years.     We  sincerely,  hope  that  the  .new  jobe  being 
created  by  the  industry  will  remain  in  the  United  Btatee, 

/       •    *  :  '*  - 


Oeaptte  the  growth  In  tales  and  projected  employment, 
our  U.S.  robot  industry's  capacity  rsmslns  groealy  underutilised 
between  1979  and  1983  our  plants  ran  at  half  capacity,  In 
1983,  production  dropped  to  48  percent  capacity-  and  this 
situation  became  worse  when, new  producers  ente^d  the*  Industry' 
in  anticipation  of  a  demand  which  pae  not  yet  mstlffelited r 
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Our  Induecry,  a/  you  we'll  kntfw,  ie%  research  And 
development  lntenelve*     According  to  th*  ITC,   R&D  eKpendi- 
Curea  In  1979  ware  $6  aUillon*  :  In  1983,  R  &  D  accounted  for 
$30  pillion  ,     During  that  same  period  the  Industry  suffered  '.' 
extensive  loeeee,  •  In  1979,  the  median  return  was  '23  peroent* 
of  nic  uln,     In  1981,   tha  return  declined  to  a  log*  of  nine 
•percent  of  net'salee*     In  1982,  the  decline  reached  42  percent  * 
and  droppad  again  to  49.  percent  of  nac.sa.iaa  tft  1963*  tn 
short,  Hr..  Chairman,  thta  industry  needs  help  badly  — .  ,*nd  ' 
promptly!  /  •  ., 

■   /         .•     .  ■ 


Meanwhile1,  pur  over.eess  oorapitl tors  ara  off  and 


ftjng, 


■'  v: 


Japan  had -installed,  as  of  the  and  of  1982,  31,900 

robots.     By  comparison  cha  U.S.  had  instaiiad  8,000  robots* 

Tha  Japanese  had  an  Inereaea  of  22,000  robots  instaiiad  sinca 
-a* 

1978  dua  largely  to  government  incentives,*    Japan  now  accounts 
ftfr  64  parcent  or  tha  robots  Installed  vori'dwlde.  J^pa^aee 
ua«re  have  four  times  mora  robots  than  do  their  U»S.  counters 
part'sV;.'  *Xn  face,  chera  ara^mare  robots  Instaiiad  in  Japan 
than  lrt  all  other  countries  combfn^d«"  says  the  U#S. 
International  Trade  Commission, 


}  It  is  not  too  late  ^to  correct  cha  situation. 
Western  Europe  represents  the  best  market  for  U*3^  robots 
next  to'our  own*    We'contlnus  to  have  a  poeieWa  trade  balance 
of  robots,  although  it  has  steadily  slipped  from  e  high  of' 


erJc, 


5CD,y 


ay 


$12.7  nUllon  U;l}0U.  to  $,5.2  million  In  1902,  and  dropped 
to  $4»8.  million  irM9&3*    .    ..  '  %  ^  . 

Mr.  Chairman,  tha;  laglSlajDion  pending  bafora  thl-a 
Subcoamiccss  art  pqsltlva  scape  toward  improving  tha  organisation 


of  tha  fadaral  government's  programs  lVtended^to  assist  the 
development  of^robo.tlc  technology,     Clearly,  the  creation  of 
Cancan  for  Industrial  Technology  wouj.4  make  a  slgnif lcanc 
contribution  to  enhancement  of  data,  exchanges  of  data,  and 
heightened  public  visibility  for  our  indue  try  ,    However , 
there  suit  be,  anpla  protactlon  for  proprietary  data  In  tha 
tola  playad  by  any  such  fadaral  center,  aa  our  Industry  la 
highly  dynamic  and  protective  of  new  development*     In  addition, 

aa'  you  know,  robotic  tachnology  Is  becoming  nora  and  mors 

:  ■* 

vital  to  our  national  defense* 


R1A  alao  appWudt  expansion i  of  the  National  Buraau 
of  Standards1  (MBS)  role  through  creation  of  a  redera^ Research 
Center  on  Robotics,  and  we  submit  that  thars included  In 
that  agancy.  soma  participation  by  our  industry  In  HBS 
actlvltlas,  particularly  as  standards,  or  guidelinae-setting, 
is  an  araa  vary  much  underway  within  R1A • 

RJA  welcomes  creation  of  the  Reviiw  Board  proposed 

in  Section  7  of  H.A.  4047,  particularly  with  respect  -to  Board  • 

i 

consideration  of  fl,8^  tax  laws  applicable  to  robots  and  • 


autoanttd  aanufactur iqg,  laaaing  and  othar  fada.ral  policita 
affixing  our  Industry.     Howavtr,  *•  would  not  want  tha 
crtidon.of  tha  Boar^.to  in  any  way  hlndir  afforti  to  bring 
about  changia  in  tha  InCt rnal  Rivinu«  Codf  to  improvi  chi 
industrial  robot  mar kit  tiara  and  abroad,  or  facilitate 

iptdalijeid  .laaaing.  program.  • 

■  i* 

RtA  f * vo r •  tha  Conciptf  aabodiad  in  tf.R.  4415*  To 
paralt  tha  sacneary  of  Comma  ret  to  intir  into  agriaaanta 
with  .manufacturing  induatrlit  not  taking  full  adv'antaga  of 
automated  technology  ii  a  fcoaitlVa  ttap  toward  aarkat 
l^provaaant.    .  • 

Tha  identification  and  evaluation  of  technologically 
advanced  ttanuf actutlng  aathode  needed  In  declining  induetriee 
at  propoeed  In  Section  6  of  tt?R,  4413  haa' the  eupport  of  KIA, 
aa  certainly  doai  tha  evaluation  of  retrafnla/g  of  workere 
dleplaced  by  dicllnlng  Induetriee.    We  expect  that  in  the 
long-term  employment  will  be  improved  by  automation  at  wqrkere 
currently  suffering  froa  unemployment  la  American  firme  made 
no  longer  competitive  by  automation  ovariaaa  find  new  Joba  la 
a  national  econoay  ravivad  by1  improvements  in  manuf acturing 
technology. 

^  Mr.  Chairman,  in  addition  to  tha  eupport  RtA  offere 

for  bha  legislation  proposed  here,  a*  faw  additional  euggaetione 
may  ba  in  order,  f  I 


Ws  strongly  feel  Chtc  in  ths  coaiaj^ttonth*  the  . 
Congress  should  closely  consider  a  "special  paa.k*fee  to  Improve 
the"U,8.  Industrial  robot  «arxet  both  heirt  and  Abroad*    Af te*  , 
ill,  v*  feel  you  and  your  colleague*  la  th*  Cdngraee  would 
agree  that  dot  only  is  robotics  good  for  U«|$»  ■enuf  ecturitig, 
but  so  la  the  preeervetion  of  our  poeitlve  robotics  trade 

surplus  through  axport  sales* 
I  > 

Wa  propoaa  tha  Congress,  consider  tha  following  alx. 
point  propAeal,  though  steted  in. general  tarns,   to  ge t 'Ametlce 9  a 
bsslc  ajabuf acturlog  generelly,  and  our  lnduatry  apaclf Icelly , 
further  down  tha  road  to  recovery  and  competitive  eecuritvi 

T  ...  '  •  .         •:'  •«•),  , 

L,  tax  cradlta  for.  ue*  of  innovative  autoaeted       '  ;■ 


manufacturing  technology; 


♦  V 


2,  tax  cradlta,  including  the  ability  to  "eell"' 
unuaad  credlfce  Us  in  tha*  1961  Economic  Recovery  Tax  At1  a 
Msefe  harbor"  leeelng  provlalAp«),  And  low  lntaraat  loan 
guarantaaa . t^  facilitate  industrial  robot  laaalng  to  depeeeeed 
.  Industries ;       ,   ,  .  '  ''     ■  ■  v 

^  3«  low  Intaraat  loan  guarantaaa  for  direct  purchaee 

ot,  industrial  robots  by  undercoapetitive  U,8.  lndustrlss* 

■'•  •  .  <■  .    •  *  '     - '  ■  '  ■  • 

export  lncentivee  through  aggraaelve.  tax  lncentivee 
for  U«8«  producere  or  expanded  nxpor t-ltapo r t  Beak  loans; 


$00 


;         5.  Sai^U  Buelttete  Adeinlifcretion  low  interest  lain 
'gutrmcii ■  t o  benefit  saell  uteri  And -entrepreneur-iel  robot  * 
•  euppUerg  unable  to  obtain  f  lru^cing  . in  venture  capital market! 

6.  ipeclel  educational  incentive*  for  applied 
robotlci.  engineering*  '  , 

Mr  .  Chiinin,  £he  age  of  the  Industrial '  robo,t  la 
coming.     Whether  Cite  American  latiuitry  aurvlvaa  with,  auf t iclent 
etrength  to  compete  In  our  ovn  market  aa  wall  aa  thoie  abroad 
la  loriarge  part.  *  decieion  to  be  ma  da  In  the  Congreei . 

,      ,  Ona  day  ioon(  the  market  probleme  will  be  eolved  by 
Increased  demand.    I  jm  aura  you  would  agree  that  jmerkee  ahould 
ba  aarvad  not  Juat  by  *  technology  Invented  hare  but  by  a. 
■edond,  third,  or  fourth  generation  of  ropota  developed  In 
Amarlca  aa  wall,  .  . 


Thanl^  you] 
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T5a  ROBOTIC  IN 


RIGS 


•        .  .  DONALD  A  VlNCENT,  CAE 

1  '> —  J — 


Donald  A.  Vincent,  CA$,  ha* 'been  executive  vice  president  tff  the  1 
Robotic  Industries  Association  (fornffcrly  Robot  Institute  of  America) 
since  June  1,  1983. 

Vincent  joined  KIA  in  .February,   198^  as  assistant'  to  the  executive" 
director  aftter  nearly  14  years  with  the  Society* of  Manufacturing 
Engineers*  '  While  at  SME,  Vincent  led  the  Society's  Computer  and 
Automated  Systems  Association  and  the  North  American  Manufacturing 
Research  Institute.    He  also  held  various  Bt#t$  positions  in  member 
Xand  chapter  relations,  technical  activities,  government^relatio^s 
and  associAtion  Management.  .' 


is^a  c« 


Vincent^  is'a  certified  Association  Executive.  (CrtE)  and  a  member  of  0 
the  American  Society  of  Association  Executives,  the  Association 
Executives  of  Metropolitan  Detroit  end  the  pouncil  of  Engineering  ' 
and  Scientific  Society  Executives',    He  received  hi*  Bachelor  of  ;tv 
Science  degree  in  marketing  from  ?err.is  Statue  College,  Pig  Rapids, 
MI,  in  1969.    Vincent  and  his  family  reside  in  Westland/  MI .  .  *t 

The  Robotic  Industries*  Association  (RIA)^  headquartered  in  Dearborn, 
HI,  was  founded  in  1974, and  is  the  only  robot  trade  association  serving 
North  America*.    RIA  sponsors  the  largest  robot  equipment  exposition 
in  the  World  and  conducts  industry-related  programs  for  oyer;  300 
robot  manufacturing,  user  and  research  companies.  '  -  '.  t  . 
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ctl^if^  in  view  of  the  time  .'con. 

stramts,  Mr.  B6ehlert.  .  \  .  r 

•Mr.  Boehlert.  Thank  you,  Mr.  Chairman.  '  ,  '       >     v      ;  . 

Thunk  you,-  Mr.  Vincent.  I  really  apologize,  as  the  chairmaif  4d-' 
ready  has,  fo*  the  crazy,  mixed-up  schedule  that  has  had  you  so 
ong  delayed./I  wpulcTwelcome  the  opportunity  to  be  here  with  you 
longer,  for  questioning  b>caus<*l  think  you  have  a  very  thoughtful 
statement,  and  you  touch  pn  a  number  of  points  that  are  of  deep 
personal  interest- to  me.  But  schedules  are  such  that  I  'have  to 
depart  shortly,  and  I  thank  you,'  Mr.  Chairman,  fj»  this  courtesy. 

You  said,  at  the  tail  end  of  your  statement,  . that  the'age  of  indus- 
trial robots  is  -doming.  I  submit  to  you  it  is  alreadv  hefe.  That  b 
music  to  your  Vurs,  isn't  it?      .         .  $  v 

*  sales'  YlNCEmi  U  cer,tainJy  is  and  we  should  begin  to  see  improved 

Mr.  BoehleHIp.  There  is  no  question  about  it  that  we  are  in  the 
race,  andl  we  would  like  to  win  it.  I  think  it  is  very  apparent  that 
this  committea  ,is  devoting  a  gopd  deal  of  time'  and  attention  to  the 
subject,  and  that  is  why  you  see  g^erated  bills  like  the  ones  you 
are  testifying  ih  support  of.  J 

>  'Part  of  the- problem,  obviously,  »  a  perception  probletri,  and  al- 
though, we  are. over  that  problem  about  what  we  call  it,  we  now 
call  it  robots,  I  itmnk  there  is  a  great  concern  that  if  We  don't  do\ 
anything  Ve  are^irig.to  gave  iobs.  That  just  i8n*t  sp!  If  we  don't  do 
anything,  we  art  ftot  going  to  be  competitive,  and  the  Japanese  are 
going  to  continue  tfi  do  what  they  are  doing  very  effectively  right 
now,  advancing  in  this  area  of  technology  making  their  industry 
•more  competitive.  So,  in  the  long  xun,  we  are  going  to  lose  job).  - 
i   However,  my  concern  is,  and  we  Had  a  chance  just  yesterday  tfc 
talk  about  ,  this,  is  the  human,  equation.  What  about  ah\  those 
people  who  are  going  .to  be  displaced  by  robots?  First  of  all,  do  you 
have  any  figures  on  them?  You  indicated  we  have  8,000  robots  in 
Xh is  country.  Do  you  know  how  many  jobs  were  displaced  by  those 
robots?  '     *  . .         -   •    .  '  . 

Mr.  Vincent.  Not  in  my  mind  at  this  time  to  give  you  exact  fig- 
ures, but  I  do  know  that  there  are  a  number  Of  studies  that  have 
been  done  with  figures  in  them.  Some  we  would  agree  with;  some 
we  wouldn  t,  but  I  would- like  the  record  to  be  kept  open  so  I  cduld 
give  you  a  document  called.  "Robots  Make  Work/"  In  there  it  de- 
scribes some  of  the  numbers  you  are  looking  for  plus  the  areas 
where  we  expect  this  technology  to  move  away  from  the  metal 
working  industry.  It.  is  predominantly  a  autOmotife  industry  used 
tecnmjogy  right  now  and  in- heavy  manufacturing  and  metal  work- 
ing. After  that,  the  next  st«p  would  be  to  go  into  the  textile  indus-  < 
try,  the  food  industry,  andVhealth  care  industries.  Again,  we^believe 
tracking  much  like  the  computer  industry  did.  When  that  technol- 
ogy ftas  first  introduced,  certainly  the  computer  displaced  people, 
but  look  at  the  number  of  jobs  that  were  created  because  of  the 
computer  technology  that  we  have  today.  -4' 
-However,  I  wiljjje  happy  to  submii  figures."  , 
[Material  to  be  supplied  follows,]  ' 
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Robots  Hake  Work 

The^Greek  philosopher  ArUtotle  wrote,  M1f  every  Instrument  could 
accomplish  Its  own  work,  obeying  or  anticipating  the  1011  of  others. /.If  the 
shuttle  would  weave  and  the  plectrum  touch  the  lyre  without  a  hand  to  guide 
them,  chief  workmen  would  not  vtont  servants,  rfor  masters  slaves."  Twentyifour  - 
centuries  later,  THE  ROBQTS  ARE  C0MIN(f  or  similar,  headl  Ines  appear  above  ' 
numerous  articles  and  editorials  about  Industrial  robots.   Unlike  Aristotle's 
vision  of  potential  benefit  to  mankind,  these  pieces  usually  go  on  to  predict 
massive  losses  of  jobs  by  the  end  of  the  dacade,   Depending  upon  the  sour^ft  of 
data,  these  prediction^  range  from  one  to  three  "J«1 11  Ion  Jobs  lost  to  robots  fcy 
the  end  of  the  1980' s  anjfpossfbly  as  many  as  seven.mil lion  by  the  year  20ft0. 
Projection*  of  Job  creation  are  of  similar  magnitude,  ranging  from  800,000  to 
1.5  million  new  opportunities  for  roboflcs  technicians  and  Engineers  by  1990, 
but  still  farVhprt,of  balancing  the  predicted  Job  losses. 

For  a  technology  now  In  only  Its  third  decade  and  continuing  to  show  only 
modest  growth,  robotics  seemj  to  generate  an.  Inordinate  jsmount  of  misinform* 
tlon  and  emotion;  misinformation  about  what  robots  can  Jo  and  how  fast,  their 
population  1s  growing  and  emotHqn  ab6ut  their. Impact  Upon  the  workforce  and 
society.   A  study  In  1982  by  the  Congressional  Budget'Qff Ice  projected  that 
robots  Installed  1n  mamjf^turlng  operatlons  could  require  b11lfcns  of  dollars 
annually  In  federal  aid  to  displaced  workers^  J>y  the  end  of  the  1980's.  On 
the  other  hand,  futurists  Marvin* Cetron  and  Thomas  O'Toole  estimate  that  there 
will  be" as  many  as  1,5  million  robotics  techhiclanv on  the  Job  by  1990. 

Just  where  dij  robots  stand  oh  the  Industrial  scene  1n  the  U.S.  Isnd  over- 
seas and  what  1b  to  be  the  likely  scenario  for  the  rest  of  the  decade  end  beyond? 
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The  first  Industrial  robot  Was  Installed  In  a  U.S.  man^icturlng  plant  In 
1961.  ,Desp1te  a  great  deal  of  Interest,  acceptance  of  robots  proceeded  at 
a  slow  piece  during  the  I960'*  and  early  1970'$.   In  thalr  first  decade,  only 
about  600  robots  were  produced/  From  the  mld-70's  on,  however,  installations 
Increased  steadily  and  the  technology  also  spread  throughout  the  Industrial  1 led 
world,   At  year-end  1982,  there  were  more  than  6,600  robotsMn  use  In  Horth  / 
America,  about  32,000  In  Asia  and  almost  9,500  1h  Western  Europe, 

Robot  technplpgy  has  alio  grown,,  undergoing  a  steady  transformation  from- 
electro-mechanical  switches  to  microprocessor  controls  and  from  large,  cum-  * 
bersome  hydraulic  arms  to  a  wide  array  of  configurations  *  sizes  and  drive 
Systems.    Applications  have^eVplved  from  simple  plck-a^-place  tasks  to  co#-  ^ 
plex  tool  handling  operations  sjfe  as  arc  welding  and  painting.*  For'ce,  tactdle 
and  Image  processing  sensors  hale  glven^fome  rot#ts  rudimentary  senses  of 
touch  and  sight.   Computers,  vl^n  systems  and  rtfcrowave  communications  pro* 
vide  robots  limited  mobility  and  with  electjron1cKvo1ce  synthesis  ^robots  can 
even  talk. 

r-Oe^Ftte;  all  orthe^e  tettinUTogTcal  fcdvancftT  th*  rtajorfty  of  "today's   *" 

industrial  robots  are  applied  to  methodical,  routine  tasks.    Few  presently  * 
are  fitted  w1tf!f  advanced  sensors  and  most  are,  thus,  &ly  capable  of  performing 
blind,  repetitious  operations.   However,  thay  provide  their  owners  with  non- 
varying  performance,  are  highly  reliable,  can  handle  haaVy  loads  and  can 
operate  In  hostile  environments*   They  can  replace  workers  on  dangerous, 
fatiguing  and  demeaning- Jobs ,v  SmaK  wonder  that  robots  are  almost  universally 
well  accepted  1n  &  workplace* 

*    At  this  time,  the  positive  attitude  of  displaced  workers  toward  robots  ' 
can  be  attributed  to  two  factors:   the  robot-like  Jobs  froto  which  the  workers 
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are  removed  and  tht  coimwn  practice  of  providing  these  workers  with  other 
jobs*   In  soto  companies*  at  least  26  weeks  of  employment  at  tha  sarrfe  or 
higher  pay  ^re  guaranteed  by  contract  to  tha  displaced  workers i  retraining 
benefits  art  also  often  provided.   Even  when  not  contractually  ^bllgated,  ■ 
most  companies  retain  displaced  workers  and  depend  upon  normal  attrition  ■• 
jto  balance  out  the  workforce; .  Thus**  robots  are  not  seen  as  a  direct  threat 
to  onVmneans  of  Hvllhood  and  may  ba  perceived  as  Improving  the  quality  of 
one's  work  life.  ^ 

Will  this  situation  change  as  more  and  more  robots  are  Introduced  Into 
the  workplace?   If  several  million  workers  are  displaced*  0\  soma  predict, 
will  most  companies  be  able  to  continue  to  employ  them  or  will  significant 
layoffs  result?  And  what  of  the  robotics  Industry  Itself;  how  many  jjjw  jobs 
will  be  created  1n  this  field?  An  optimistic  view  1s  expressed  by  robotics 
expert  Dr*  James  Albus  (The  futurist,  February  1983)  who  states  that,  "Robot 
production  will  add  jobs  to  the  econonjy^bout  as  fast  as  robot  Installation 
takes  them  away/  and  that  Nent1rtly  new  rohqt  manufacturing,  sales,  and 
~wrv1ce  Industries*  witt^rmerge  ami^tHo.nrxrf^xc1tirtjrit«w  Jobs  wi*H>r  *   . , 
created."  fc  J 

The  most  likely  scenario  is  described  1n  Allen  and  Timothy  Hunrs  book 
Human  Resource  Implications  of  Robotics,  published  1n  1983  by  the  W.E.  Upjohn 
Institute  for  Employment  Research.   According  to  the  Hunts,  the  totil  U.S. 
robot  population  in  1990  will  range, from  50,000  to  100.D00  units.   Based  on  ■ 
this  estimate,  they  project  the ^elimination  of  between  100,  OOOymd  260,000 
jobs  1n  manufacturing,  with  about  one-fourth  of  those  being  in. the'  automobile 
Industry.   The  Hunts  also  foresee  the  robot  Industry  creating  from  32,000  to, 
^64,000  new  jobs-  1n  the  U.S.  by  1990,  1n  robot  manufacturing,  supplying  gpods 
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and  service*  to  robot  makers,  robot  systems  engineering  and  1n  usereppll- 
cations*   It  1s  unllkety  that  many  of  those  displaced  by  robots  will  find 
work  In  tha  robot  Industry  however,  because  semMkllle.d  or  unskilled  jobs 
ara  eliminated,  while  tha  Jobs  created  will  require  significant  technical 
background.  , 

Regardless  of  the  numbers,  robots  will  make  work.   Robotics  technicians 

* 

(most  likely  with  two  years' Of  technical  training  or  equivalent  hands-on 
experience)  w1H  test,  program,  install*  troubleshoot  or  maintain  robots  and 
will  be  employed  by  robot  makers  and  robot  users*   Robtftlcs  engineers  (mostly 
mechanical  and  electrical  engineers)  will  design  the  products  for  .tha  robot 
manufacturers..  Applications  engineers  (mostly  manufacturing  and  Industrial 
engineers)  will  Identify  and  (ftvelpp  robot  applications  for  utyf rs  and  will 
design  systems,  prepare  proposals  and  support  sales  for  robot  makers  and 
systems  integrators.   Other  scientists  and  engineers  will  develop  computer 
controls  and' tensors  (vision,  touch,  force)  for  the  "Intelligent  robots"  of  - 
the  future.    TJie  robot  Industry  will  require  an  Infrastructure  of  educators, 
component  $upoU*r$,^nd  system  Integrators,  a^ well  as  computet. progrwpiparx, 
managers,  sales  and  marketing  specialists,  and  administrative  and  clerical 
personnel. 

Looking  beyond  1990,  non-manufactuHng  applications  of  robots  will  become 
practical.   Robots  will  be  found  1n  the  construction  Industry;  1n,m1nest  on 
farms*,  under  the  sea'jand  1n  space.   Robots  will  be  found  1n  service  occupations 
1n  hospitals  and  long-term  health  care  facilities;  1n/eta1l1ng;  1n  food 
preparation*,  as  security,  guards,  fire  fighters  and  disaster  workers;  even 
1n  the  military  services.   Irt  many  cases,  these  robots  will  not  displace 
humans  but  will  perform  their  back-breaking,  boring  or  dangerous  tasks  under  * 
»  human  direction. 
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The  area  of  robotics  which  may  have  the  greatest  Impact  1n  the  future 
t$  the  personal  or  household  robQt,   Already,  more  than  two  dozen  companies 
are  developing  or  building  such  robot  products.  Today's  personal  robot  has 
limited  capabilities,  and  1s  noted  more  for  Its  novelty; aifcl  entertainment 
value  than  for  Its  functionality,   Howetyr,  some  of  these  mobile  robots  1n- 
corporate  ultrasonic  or  Infrared  sensors,  voice  synthesizers,  .fiber  optics 
vision  systems,  and  wireless  data  communications,  features  which  are  not 
common  on  most  Industrial  robots,   Many  are  designed  to  be  interfaced  with 
per^fnal  computers  and,  like  the  personal  computer,  the  personal  robot  may 
someday  create  thousands  and  thousands  of  new  jobs  wJthoJt  putting  anyone 
out  of  work. 

Today's  Industrial  robots  are  few  In  number  and  limited  1n  ability; 
robotics  activities  1n  the  U.S.  probably- employ  more  people  1n  1984  than  the 
robots  have  displaced.   Dy  the  end  of  the  decade,  however,  measurable  Job 
displacement  will  take  place  1n  manufacturing  Industries.   Increased  demand 
for  robots,  new  robot  applications' 1n  non*manufactur1ng  areas,  new-  robot  pro 
ducts,  arid^new~^cptf 

will  require  new  skllh.    Also,  by  1990  the  number  of  people  ehterlnj  the 
workforce  each  year  will  be  smaller  and  they  will  be  better  educated.  Thus, 
the  long-term  outlook  for  robotics,  1s  positive;  as  James  Albus  says,  "The 
new  age  of  robotics  will  open  many  new  possibilities.   What  we  humans  can 
do  In  the  future  1s  limited  only  by  our  Imagination  to  see  the  opportunities 
and  by  our  courage  to  act  on  our  beliefs." 

.  '  ■       ■   i  • 
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Mr,  Bokhijciw,  Also,  if  you  don't  have  th6  figures  readily  avail-* 
able,  could  you  submit  for  the  record  the  number  of  jobs  that  are 
directly  related  to  the  production  of  robots? 

Mr.  Vincent.  Yes,  sir,  \ 

Mr.  Boehlert,  R&D  and  all  v 
'  Mr,  Vincent.  The  type  of  jobs  directly?related  tQ  this  industry 
that  will  be  created'  because  of  more  robots  being  in  the  field.  We 
will  need  more  people  to  actually  build  robots  and  service  and 
maintain  them.  Skilled  trades  people  certainly  will  have  a  role  in 
this  industry  as  it  progresses  and  makes  more  impact  on  all  indus- 
try. 

[Material  to  be  supplied  fellows;] 
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EMPLOYMENT  IN  THE  O.fe.  ROBOTICS  INDUSTRY 


In  total  amploymant  in  tha  U.8.  robotica  industry  by  reporting  fine  ia 

aatixated  at  2,251  anployeaa,  which  includee  969  production  end  ralatad  workara 
and  1,282  employoaa  involved  In  engineering,  a*lee,  adainietration,  and  gen- 
aral  office  work  ^tabla  J),    In  1979,  there  vara  716  paraona  employed  by 
chaaa  firma,  including  376  production  and  releted  workara,  'ftpported  by  a 
combined  total  of  340  anglneere,  ealaemen,  and  edaioiatratofl.  Employment 
incraasad  by  an  avaraga  of  38*  vorkera>er  year  duMng*197!M3,  or  at  an 
avaraga  annual  rata, of  about  34  percent.  -  Employment  in  the  U.8.  robotica 
*,nduetry,  however,  remeine  at  a  ralativaly  low  laval  (by  comparison,  it 
amouute  to  laaa  than'  5  parcant  of  employment  ia  tha  U.S.  machine  tool  indue- 

Employment  of  production  and  ralatad  workera  mora  than  doublad  during  1979-81 
but  remained  flat  during  1982,  whan  tha  growth  in  tobrt  ahlpMnta  of  0.8.-  i 
ptroducad  robota  eldwed  to  an  annual  rata  of  26  parcant,  down  from  a  77  percent 
annual  rata  in  1981*    In  contraet,  employment  of  profeaalonal  workera  increeaed 
in  1982  and  overall  experienced  mora  rapid  growth  during /1975~82.  «The  rapid 
axpanaion  of  producer*'  Rib  projacta  accountad  for  a  larga  ahare  8k  tha  incraaaa. 
In  addition,  R4D  projacta  halpad  to  eteblllse  tha  growth  in  employment  of  pro- 
feeelonal  worker e,  ainca  eypandlturee  on  R&D  continuad  to  Incraaaa  in  1982 
while  employment  of  production  workara  remained  largaly  unchanged. 

Ae  ehown  in  tabla  6t  employment  of  both  production  and  profaaaional  workera 
afiould  eftperienee  mod  ere  tc  growth  during  10*5/  According  to  producara 
aitlmatea,  avaraga  employment  of  production  workara  in  1983  ia  projected  to 
ba  about  18  parcant  highar  than  that  lit  1962,    Avaraga,  employment  of  pro- 
faaaional workara  ia  expected  to  ba  about  16  percenyhlgher*    Tha  growth  * 
in  employment  la  not  expactad  to  exceed  tha  growth  in  total  ahipmanta  (in 
dollara)  of  U.S.  producad  robota,  lergely  beceuee  iertaln  producara  contributing 
to  tha  incraaaa  in  employment  art  axpactad  to  purthaaa  mora  robot  aaeenbliee  in 
liau  of  Jp-nouae  fabrication^  /f  j 

Avaraga  employment  in  raportlng  eetabllehmejite  during  1979-83  became  mora 
dapandant  on  production  of  rdbota  ralatlva  to  tha  production  of  othar  producta. 
Moat  naw  producara  antarlng  tha  markat  deal  exoluelvely  ia  robota.    In  addition, 
amploymant  in  othar  product  llnaa  (e.g.,  macbina  toola)  of  eacabllehad  producara 
ha#  daclined  aubauntially  in  racant  yaar  a.   Aa  a  raault,  all  paraona  involvad 
in  tha  production  of  robota  aa  a  ahara  of  all  paraona  involvad  in  tha  production 
of  all  producta  in  raportlng  eatabllahmfnt*  ha a  increeaed  a l^olf lean tly,  from 
about  7  percent  of  all  amployaaa  in  1979  to  about  21  percent  of  all  amployaaa 
Iri  1962.   In  1983,  all  workara  Involvad  in  tha  production  Jf  robota  ara  axpactad 
t*  account  for  naarly  25  parcant  of  all  workara  in  raportlng  firma*  | 

Source i    COMPETITIVE  POSITION  OF  0.8.  PRODUCER*  OP  ROBOTICS 
f  IN  DOMESTIC  AND  WORLD  MARKETS       p.  19-21 
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ttblt  s.-'-tobotfi  Cipltil  Uvoetieente  of  u.f.  producers,  WMI 
(in  tho^tndi  of  dolltri) 


Year 


Land  or  land 
Improvements 


Building,  Or 
lefaehold 


i  ~ Machinery,*  j 
j      equlp«ent,    X  Total 
i  end  fliturae  t  


1979—- 

1910— r- 

19H  

1982  * 

19(13 


155  l 

1,449 

-  I 

•  1,766 

-  1 

3,504 

450  ! 

4.512 

10  t 

1,520 

t 
t 
X 
X 
X 
I 


t 

1,916  !• 
4,416  » 
6,93f  ; 
7,390  * 
3,716  I 


3,520 
6,252 
10,436 
12,352 
7,246 


j  i  ■    {         i  ,   1  i    ■     W   — 

1?  Data  art  Sliid  on  projections  provldad  by  U,6\  prodttcere. 

Sources  Compiled  from  data  submitted  In  raanpnia  to  questionnaires  of  the 
U.St  Internstlonal  Trada  Commission.      .  . 


Tebte  6.~Aversge  number  of  amp\oyeee  ln'U.1*  eetablUhmente  producing 

rotate,  1979-13      '  J 


Av«rt|t  number  emtooyed  In 
.     the  reporting  ^at4blli> 
Hants  ptodMdIn|\all 
.  produoirf? 
All  pereona  \t~~ 
Production  and  related 
rslatad  workers 
Average  number  dtepl 

tha  reporting  MtfP 
mente  producing/ rdfi 
All  parsons 


Production  and  ralatad 
workers—— — «.—• — «■ 


i 
i 

'T 

i 
i 

ad  16  i 
II ah-  t 
tote  x  x 

i 

— r-t 


9,021 
4,510# 

2,251 
969 


y  Data  are  baaed  on  projeotlone  provide*  by  u.i.  ^«B"'  *  n*„mtk> 
It  Employment  data'  on  eU  prolate  vara  not  Inetodad  for  1  ntm  to  prevent 

disclosure*  "  \ 

•ourot:    Co«pll6d  from  data  eubmlttad  in  reeponee\q,  ajueetlonnelres  of  tha 

U,fc\  International  trefe  Commieelon, 
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Mr.  Bo&hleri\  Finallv,  just  let  me  say  that,  if  I -can  offer  a  little 
public  reljations  counsel  in  your  work,  and  I  am  very  supportive  of 
it,  but  consider  always  the  human  equation.  So,  I  would  appreciate 
it  if  your  association  would  taKe  a  very  hard,  serious,  thoughtful, 
deliberative  look  at  the  individual  training  account  legislation  with 
which  I  am  identified.  We  now  have  some  60  copponsors  in  the 
House,  on  both  sides  of  the  aisle.  If  we  can  proceed  with  develop- 
ment of  robots  which  is  clearly  in  our  national  interest,  but  at  the 
saifte  time  be  able  to  tell  the  American  people  that  those  workers 
who  will  ultimately  be  displaced  by  robots  will  have  some  source  to 
*o  to  get  the  training  they  need  in  new  skill  areas  where  there  is  a 
Job  waiting  at  the  end  of  the  training  period,  that  is  extremely  i*n- 
t  portant.  *•  , 

One  of  the  reasons  you  are  having  so  much  problem  getting  a  lot,  * 
of  excitement  generated  in  organized  labor,  for  example,  about  the 
work  with,  robots  is  because  they  see  a  loss  of  jobs  for^their  mem- 
bership. If  we  can  offer  something  that  says  yes,  we  are  going  to 
proceed  with  the  development  of  robots,  i$  is  clearly  in  our  national 
interest,  it  is  going  to  make  us  more  competitive,  but  we  are  also 
vitally  concerned  with  those  people  that  will  be  displaced  and  we 
are  in  support  of  a  program  that  will  provide  these  displaced  work- 
c~-a»>^4tk^ 

So,  I  would  hope  you  would  take  a  good  hard  iook  at  that.  J  know 
you  have  been  exposed  to  it  ever  so  briefly.  * 
Mr.  Vincent.  I  would  4eHs|inly  support  your  comments.  On  a 

;  personal  level, '  -  one Thing  I  see  Th  the  M>  that  I  hftve,  as  the  trade  . 

*  association  director  is  that  people  heea  to  be  riven  some  incentive 
to  go  out  and  find  that  training.  It  is  awfully  expensive  for  the 
hourly  worker  to  be  able  to  afford  training  at  universities  and  col- 
leges now.  I  think  there  needs  to  be— I  have  laid  but  the  incentives 
that  I  think  our  industry  needs— I  think  there  is  another  testimony 
that  should  be  given  on  incentives  people  need  to  find  education 
And  be  able  to  afford  it  and  pursue  that  education  with  the  hope 
that  when  they  are  finished,  there  wil)  be  a  job  there  waiting  tor 
them. , 

Som'ef  universities  and  technical  colleges  have  chanced  curricu- 
lum titles  to  include  more  identity  with  robotics.  They  had  a  crush 
in  the  registrar's  office  to  get  into  those  programs  and  they  had  to 
close  the  doors  in  some  cases,  yet  with  all  these  people  being 
trained  and  given  certificates  of  accomplishment,  there  are  no 
robot-related  jobs.  More  people  are  employed  in  the  robot  industry 
now  than  there  are  robots  in  the  field.  The  educational  process  is  **' 
creating  a  lot  of  people  that  are  looking  for  jobs,  and  they  are  just 
not  there  right  now,  until  sales  in  our  industry  move  ahead;  So>  I 
support  what  you  have  said  about  training,  . 

Mr.  Boehlbrt.  Thank  you. 

The  other  thought  I  have  is  that  obviously  we  have  to  do  a  better 
job  in  terms  of  the  Government  providing  K&D  money  for  our  uni- 
versity research  centers,  particularly  zeroing  in  on  this  subject.  I 
Jtnow  about  the  glamour  ones,  Brigham  Young,  Carnegie-Mellon, 
and  Purdue,  but  there  are  others  not  so  prominent  but  hopefully, 
they  will  be  prominent  in  the  future.  I  have  one  in  my  own  con- 
gressional district,  the  College  of  Technology  for  the  State  Univer- 
sity of  New  York.  We  are  trying  to  encourage  the  development  of  a 
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comprehensive  program  there,  but  it  is  very  expensive.  So,  I  would 
hope  that  you  would  be  very  supportive  of  Federal  funding  foiSthat 
type  of  R&D  at  our  university  centers. 

Mr.  Vincent.  Certainly.  For  direction  alone*  I  guess  i&vfould  be 
good  to  say  that  we  need  more  applied  robotics  researcn.  JThis  in- 
dustry will  move  ahead  when  some  of  the  scientific  researcn  moves 
from  the  laboratory  onto  the  production  floor.  Our  counterparts  in 
other  countries  throughout  the  world  seem  to  be  much  better  than 
us  in  applying  the  technology. 

Our  association  is  not  willing  to  admit  that  we  are  lagging  in  the 
development  of  the  technology,  but  certainly  in  the  application  of 
the  technology.  We  would  support  any  Government  program  that 
would  create  more  R&D  applied  research  capability  for  our  people. 

Mr.  Boehlert.  I  apologize  for  having  to  leave,  and  J  thank  you 
for  your  testimony.  I  will  be  in  touch. 

Thank  you,  Mr.  Chairman. 

Mr.  Waloren.  Thank  you,  Mr.  Boehlert. 

Mr.  MacKay? 

Mr.^AcKAY.  If  I  could  just  ask,  would  you  elaborate  on  the  Gov- 
ernment incentives  in  Japan  that  you  mentioned  in  your  testimony 


ticular  ones  with  respect  to  roboljs  that  they  are  targeted  on? 

Mr.  Vincent,  We  found,  in  our  communications  with  the  Japan , 
Industrial  Robot  Association,  which  is  a  counterpart  to  our  organi- 
zation hero,  that  they  worked  Very  closely  With  Ministry  of  Indus- 
try and  Trade,  called  MlTI,  I  believe,  which  creates  programs  that 
users  need  for  applying  the  technology  and  they  are  .directly  relat- 
i  ed  to  robots.  Japah  certainly  has  surpassed  the  rest  of  the  world  in 
m  applying  the  technology.  The  Government  programs  such  as  start-  » 
f  ing  a  Government  leasing  robot  activity,  where  companies  and  or- 
ganizations can  lease  robots  from  the  Government  at  low-cost  rates 
9  to  bring  in  and  apply  robots  to  specific  production  situations. 

Again,  I  am  not  suggesting  the  U.S.  Government  become  a  leas- 
ing company.  I  think  there  is  plenty  of  private  sector  leasing  orga- 
nizations that  could  handle  such  a  leasing  venture,  but  the  Japa- 
nese idea  seems  to  have  created  the  most  attention  in  our  industry 
from  both  manufacturer  and  users. 
Mr.  Waloren.  In  Japan,  the  Government  leases  the  robots? 
Mr.  Vincent.  In  Japan,  it  is  called  JAROL,  the  Japan  Robot 
,  Leasing  Co.,  started  through  the  Government  I  could  send  infor- 
mation to  the  committee  on  that,  too. 

Mr.  Waloren.  I  see.  That  would  be  interesting  if  you  have  any- 
thing that  is  not  too  long. 
[Material  to  be  supplied  follows:] 
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JAPAN  RPBOT  LEASE  (JAROL) 


With  MITI  encouregement,  if  not  direction,  t  robot  lasting  comptny,  Japan 
Robot  Ltttt,  (JAROL) >  was  founded  in  April,  1980  with  the  initial  paid-in 
capital  of  ¥100  million.    This  company  la  jointly  owned  —  701  by  24  JIRA 
membsrs  and  30%  by  tan  casualty  lnauranca  companlae.    Tha  aim  of  JAROL  la  to 
aupport  robot  inetsllation  by  amall  and  madlua-scsls  manuf acturara  and  lncraaia 
thalr  productivity*    Aa  60*  of  Operating  fund  a  art  financed  by  low-cot  t  loana 
from  tht  government1!  Japan  Development  Bank,  and  tha  raat  from  the  Long-Term 
Credit  Bank*  Indut trial  Bank  of  Japan  and  the  city  banks,  JAROL  la  in  a  poti- 
tlon  to  leaae  induatrlal  robota  under  conditions  more  edvantegeoue  thtn  tha 
ordinary  laaalng  companies.    For  lte  first  year  of  operation  (fiscal  ytat 
1980),  JAROL  planned  ¥700  million  robot  isssss;  actually  lte  lttsing  contracts 
numbering  52  amounted  to  ¥1,*50  million  (ebout  $5.74  million).  The 
tvsrsgs  tern  of  the  leeee  wts  6.5  yttrt  and  provided  e  full  peyout,    In  April, 
1981  JAROL  offered  e  more  flexible  2-3  year  rental  agreement  (not  e  full  peyout) 
tnd  efter  the  expiration  of  the  egrssmsnt  plenned  to  rtnt  tht  robot  to  tht  tti 
or  t  difftrent  ustr.    At  the  seme  time  JAROL  begen  discussions  with  HIT  I  to 
sntsr  ovsrsaaa  lttsing  of  robots*    This  resulted  from  a  request  of  an  Australian 
firm  to  lsass  Japansss-made  robots.    Some  creations  trots  aa  to  the  propriety 
of  uelng  government  loens  for  ovsrseaa  leeslng  but  JAROL  suggseted  losns  from 
the  Japan  Export  and  Import  Bank.    Poaltlve  action  on  this  matter  will  greatly 
atrengthen  Jspsn's  comptti tivtntst  in  overssaa  industrial  robot  markets. 


MITI  has  srrsnged  for  direct  government  low-intsrsst  loana  to  amall  and  medlum- 
acala  manuf acturere  to  ancourege  robot  ins telle tion  for  eutomatlng  processss 
dangsrous  to  human  labor  and  for  lncraeeing  productivity.    Ths  govsrnmsnt  bud- 
gstsd  for  fiscal  year  1980  ¥5.8  billion  for  theas  loans  which  are  extended 
through  the  Smsll  Businssss Finance*  Corpbratiiohij  a  goyerhmei^~IlnenCe  agency.  r .  - 

MITI  has  PermitteH  the  manufacturer  who  installed  robot  to  dspreclete.  13%  of 
ltt  inititl  purchaaa  price  in  the  first  yeer  in  addition  to  taking  ordinary 
depreciation.    This  extra  depreciation  ia  e  common  practice  in  Jepen  when 
MITI  eeelce  to  promote  a  particular  industry  or  product.    Bxtra  daprecletlon 
has  been  ee  high  ee  50%,    Gensrtlly  it  cen  be  teken  over  t  thrtt-yttr  period 
end  is  usually  rsptld  in  f  ivs  annual  installments  beginning  in  the  sixth  year. 
By  lnatalllng  an  induatrlal  robot,  a  firm  can  depreciate.  53%  in  the  flret 
yesr,  13%  plus  40%  (5  yssr  daprecletlon  double  declining). 

* 

MITI  created  en  etmoephere  fevoreble  to  ths  introduction  of  the  industrial  robot, 
but  it  had  depended  largely  on  the  private  companies  to  determime  tht  direction 
and  ecele  of  production  and  to  undarteke  R&D.    Tha  number  of  robot  resssrch 
labor a tori m  in  unlvereities  and  public  reaaeroh  ins ti tut lone  grew  from  43  in 
1974  to  85  in  1980.    Some  270  rssearchsrs  et  colleges  and  universities  and  80 
rsssarchsrs  et  inetltutes  worked  on  robots  in  1979. 

/ 
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In  1981,  Mill  announced! e  seven  year  V30  billion  national  robot  research  pro- 
gram beginning  April  l,\l^82  to  daValop  Japanese  robot  technology  instead  of 
raying  on  imported  kncv-nbaw  Strese  it  to  bo  placed  on  intelligent  robots 
sepeclally  for.' assembly  work,  and  on  robots  for  nuclear,  apaca,  ocaanio, 
and  earth-moving  Indus triss.    The  development  of  aanaory  perception*  language 
systems*  and  notional  capacity  are  to  racaive  top  priority. 


Source:    ROBOTICS  IN  JAPAN  I    PAST,  PRESENT,  FUTURE     p.  13.44 
Paul  H,  Aron,  Executive  Vice  Praeldant 
„  Dalwe  Securltlee  America  Inc. 
New  York  University 


BIB 

Mr.  Walcjrkn.  Do  we  sell  to  Japan?  We  sell  robots  to  Europe.  Do 
we  export  much  in  this  area  to  Japan? 

Mr.  Vincent.  Not  much.  There  are  a  few  companies  that  export 
to  Japan,  but  the  only  way  they  have  been  able  to  do  business  is  to 
actually  go  over*there  and  find  a  distribution  company  or  some 
joint  manufacturing  activity  in  Japan  where  parts  of  the  robots  are 
made  ovfer  here  and  assembled  and  sold  in  Japan.  It  is  a  very  small 
part  of  the  export  business, 

The  original  agreement  between  Kawasaki  and  one  of  the  lead-* 
ing  robot  companiesrUnimation/Westinghou8e,  was  conceived  back 
in  Memo's  wjiere  Kawasaki  beg&n  to  build  very  similar  and 
almost  the  same  robot  that  was  created  here.  That  became  a  major 
robot  product  in  Japan  with  technology  that  was,  again,  invented 
here,. taken  over  there,  and  licensed  to  build  in  Japan./ 

Mr.  Waloren.  You,  mentioned  the  Bure&ff  of  Standards  role  in 
the  creating  of  a  Federal  research  center  in  robotics.  Has  yoqr  in- 
dustry had  any  difficulties  in  relating  to  their  activities  out  there? 
Do  you  feel  that  they  have  been  exclusive  at  all? 

Mr.  Vincent.  Our  relations,  with  NBS  has  been  developed  over 
10  years'  existence  in  this  community,  and -we  have  worked  jointly 
in  producing  robot  research  workshops  for  industry  suppliers  and 
users.  We  certainly  look  at  NBS  as  one  of  the  key  locations,  Judg- 
ing from  the  subjects  that  they  encompass  in  their  work  out  there, 
I  think  they  are  on  the  leading  edge  of  what  needfc  to  be  done  to. 
create  centerB  of»this..typeu.J^wpu.ldJbe.a  gtio^Jbcal  pointio  direct 
some  Government  Im  .  ' 

Mr.  Walgren.  T3  whiat  do  you  attribute  the  great  decline  in, 
sales  in  1982  and  1983  and  the  increase  in  losses  of  the  companies 
in  the  robotics  area? 

Mr.1  Vincent.  Primarily  the  economic  climate  during  that  time 
period,  but  in  addition  to  that,  pricin'g.  There  has  been  an  influx  of 
foreign  equipment  brought  into  this  country  and  distributed 
through  incorporated  organizations  in  the  United  States  and  pric- 
ing ha*  gotteTi  to  be  ve^y  competitive.  There  is  a  tremendous 
amojta*  of  supply  right  now  of  robot  equipment,  but  it  appears  that 
the  majors  and  some  of  the  new  startup  companies  are  all  looking 
for  the  one  or  4wo  big  orders  that  aye  out  there.  The  .orders  just 
haven't  come  ia.  > 

Users  have  accepted  the  .technology.  We  had  our  national  trade 
show  just  last  weak,  and  we  had  ap  outstanding  attendance  of 
28,000v  people  and  250  exhibitors  in  <  th^  show,  more  than  ever, 
larger  spaces* than  ever,  yet  the  sales  haVp  not  developed,  There  is 
In  overabundance  of  suppliers  in  the  Industry  right  now.  You  will 
see  some  consolidation,  !  think,  in  thetfuture  in  this  industry,  arid 
we  will  end  up  with  some  key  robot  suppliers  in  certain  application 
areas,  The  dqy  of  the  robot  being  built  to  do  everything,  I  think, 
will  change  and  we  wfll  have  more  robots  specifically  being  built/ 
for  product  lines  or  application  areas,  such  as  paint  spraying,  load- 
ing and  unloading  of  machines,  material  handling,  and  even  small 
partiT  assembly.  The  next  maior  breakthrough  should  come  in 
robots  being  usAd  for  assembly  processes. 

Mr.  Walorkn*  1  see.  All  right  We  certainly  appreciate  your  tes- 
timony and  the  Contribution  you  haye  made  to  the  record,  We  look 
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.  -  \  4  -  *• '  .         :  * 
forward  to  discussing        the  oth§JT  members^ the  poiftts  that  yoq 
\  have  develqped.  :* 
Mr,  Vincent,  Thank y$u  wty  muchV:;;vy'v  * 
Mr,  Walgren.  Thank  you.  •  ■ 

This  concludes  several  days  of  hearings  %  this  area,  The  sub- 
committee will  be  talking  among  itself  to  see  wha$  areas  of  consen- 
^jfl  we  can  develop  in  hopes  of  developing  some  concrete  legislation 
fthal  \v6  could  project  the  proper  amount  of  support  for.  We,  appre- ' 
date  you  in  the  audience  and  your  interest  in  the  area  and  want  to, 
encourage  you  to  contact  the  staff  $nd  the  like  if  there  is  any  infor- 
mation or  any  other  viewpoints  that  you  think  we  shoujd  be  trying 
to  take  into  consideration.  We  should  be  available  to  you  on  that 
level.  ■  '  \ 

Thank  you  very  much,  Mr.  Vincent  ■  - 

This  wilUconclude  our  hearing.  .  ■  *  #     •  *  ■ 

[Whereupon,  at  12:25  p.tn.,  the  subcpmmittee  recessed;  to  rec6n- 
vene  subject  to  the  call  of  the  Chair,]  \  * 


1 
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j,  Additional  Material  Submitted  for  the  Record 


•    TEXAS  ENGINEERING  EXPERIMENT  STATION 

Office  of  the  Dliectqr  t  | 


JUoe  2d,  1964 

.31 


Tb«  Honorable  Doug  Walrfen 

on  Boieuos, 


House  SubooMHdLttM  oti  fioleaoe,  Reaearoh  aol  Technology*        .  * 
I  2319  Rayburn  Houae  Offloe  BuiWing  '  i 

WadMagton,  D.p.   30616  P 

'     Dear  Oongreaonvai  Walgren:  P     ,  " 

'        *  •  '■  * 

fr  The  enoioeui*  oontaina  ipy  oaittenta  of  f ered  in  euppo^ 

ocapaniott  legislation  to  S.  1286,  Manufacturing  Bolenoee  and  Ti#|B»ology 
I  Reeearofa  and  Development  Aot  of  1963.  w 
■  '  '. 

I  •  Tbanlc  you  for  this  opportunity.  *  * 


boo  G.  KUlfl 
Assistant  Direotor 


4^ 


ear   . .  .  .<  •  , 


*      oo:  Mr.  Miohael  A.  ifole 

Speolal  Aeelataat  to  the  Chancellor 
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ASSISTANT  DIRECTOR  FOR  RESEARCH 
TEXAS  ENGINEERING  mmXHEKT  STATION 
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TO  THE  Hdfl^rtN  ' 

H.R.  4^19 

#>  ■ 

MAHOFAOIWUMQ  8CXBNCB8  AMD  TOCHNOUXK 
RESEARCH  AND  DBVKLOBflWT  ACT  <F  1863 

BKPORB  TUB 

suBoowtrrm  cm  scsbhcb,  research  and  TBCHnauxBf 

UNITED  STATES  HOUSE  CP  RBPRB0BNTATIVES 
JONS  15.  1864  •  - 
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Mr.  Chaijiwn  aupwrtxr*  of  the  Buboowmitte  on  Soienoe,  Research  and, 
TWtaology,  I  ;  am  Dr,  Newton  0.  Kills,  end  i  am  affiliated  with  Ttaum  MH 
Utoi.v*raity  where  I  serve  as  Professor  and  Herd  of* the  tteportment  of  Iidustrial 
Engineer  1x4  and  as  an  Assistant  Director  for  Researah  In  the  Taxne  Engineering , 
Experiment  Station.   X  have  boon, .with  Tsxbub  m  t^versity'  In  Various 
capacities  slnoe  1960,-  and  during  the  ten  or  06  years  prior,  to  that,  I  woe  . 
paMjnarily  anplayedCrln  varioue  oerpepaoe  manufacturing  divisions  of'mv,  ino, , 
in  Dallas,  Otaae.   I  am  pleased  to  have  tA  opportunity  today  to  add  my 
support  to  Bill  H  R.  4410,  olted  aa  the  "Hanufaot\*ring  Soijpoee  and  Technology 
Research  and  Development  Aot  of  1969. "  $  > 

It  it  pleases  the  ocmlttee,  my  intentions  are  to  oanfine  my  brief 
remarks  to  two  aepeote  of  H.R,  4410:   (l)  My  lupxveAane  regaining  the  N 
"Findings'1,  of  courses  upon  Whloh  the^Blll  is  baaed,  and  (a)  my 
reocmendatione  for  implementing  the  "Purpose"  of  the  bill.  Given  these  two 
aspects,  my  I  n<3^  turn  your  attention  first  to  my  impressions  regarding  the 
oongreseional  "Findings"  which  served  as  the  impetus  for  H.R,  441Q.  Although 
the  "Findinge"  are  only  nine  In  number,  X  will  forego  repeating  them  because 
repeating  them  to  this  aulieno^ would  serve  no  useful  purpose.  However,  X 
should  stress  that  in  my  judgment  ttato  "Findings"  are  valid*  they  clearly 
describe  the  situation  in  Amarioan  monufaoturing  today,  and  the  picture  they 
paint  is  not  good,  f         s  1 

Despite  a  bright  spot  here  and  there,  the  situation  ift  Amerioan  ., 
wuaufaoturlng  Industrie^,  for  the  most  part,  has  oontlnued  to  deteriorate 
slnoe  the  mid  loeo's,  and  this  is  paling  to  ea|  the  least.   Although  we 
reoognixe  that  manufacturing  industries  are  essential  to  the  eoonomlo 
well-being  of  our  nation,  euffioient  attention,  4kverthelees,  has  not,been 
given  to  keeping  these  Industrie*  healthy.  I  will  mention  only  a  few 


520 


examples  for  illustrative  purposes  -  research  «oq*ndituree  have  not  k«pt  up 

with  needs  for  modernisation  and  choices  in  the  stot^f-thcnart;  large 

portions  of  our  aaimfaoturing  equipment,  nothoda  and  prooeesee  are  worn  out  \ 

and  obsolete,  art  on  a  .result,  foreign  ooiopetitic^  outproduced  several 'of  our 

important  industries.   We  find  ourselves  today  experiencing  oowU^ione  that  ■ 

threaten  to  destroy  public*  confidence  Id  American  mad*  products.  These  are 

all  oritioai  issues,  and  restoring  our  initiative  in  nanufaoturiitf  is  a 

Challenge  of  the  greatest  magnitude,   Hake  no  mistake  about  it;  this  will  he  , 

no  easy  tart. 


h,r.  4410  provide  the  emphasis  and  wherewithal  to  nest  this 
charwnge?  My  anewet  to  such  a  question  is  a  qualified  Hyes,"  and  it  brii^s 
me  to  the  seoond  aspect  qf  my  remarks,  namely  my  reooonendations  for 
lmplananting  the  "Purpose"  of  H.R.  4410.   In  my  judgment ,  the  purpose  of  this 
hill  is  well  articulated,  and  the  heart  of  the  statement  ie  found  in  two 
strategies  -  NTo  establish  a ^irogram  for  ooooduotug  research  whioh  vilL 
produce  more  *tf f iolent  manufacture  technologies  and  — —  to  enoourage 
widespread  adoption  of  these  technologies.  *  this  Is  a  well  lntentioned 
statement;  however,  implementation  of  tWe  strategies  in  ord^r  to  meet  the 
difficult  challenges  facing  Amerloan  manufacturing  Will  require  creativity  and 

*  s 

imagination  ooupled  with  a  willingness  to  take  some  risk.   1  would  ask  you.;  now 
to  free  your  minds  of  past  constraints  and  biases  and  think  through  With  me 
what  I  consider  the  approaches  which  must  be  taken  if  the  Bill  is  to  be 
implemented  successfully.      ■  ,  , 

First  Jf}  all,  I  reoounend  thoughtful  conslxteratioh  to  be  given  to  an  , 
lmplementatdon  theme?1  in  this  regard,  nay  I  suggest  the  thane  that  * 
manufacturing  Is  a  science  not  an  a*t.   Is  this  Important?  I  thtyfc  It  is,  and 
my  Judgment  Is  that  for  nvuntfaotmrihg  l!o  make  substantive  progress  beyotg  its 

-  ■  » 


v 


'  .521  Q     ,  , 

current  state  of  the  apt,,  we  nust  make  a  transition  In  our  thinkH*  from 
manufacturing  as  an  art  to  mamifaotfaniitf  00  a  science,   Why  do  I  think  euoh^a 
•  transition  in  thought  }a  important?  There  are  at  least  throe  reasons  for  my 
position,,  In  the  first  place,  it  oleaxs  the  way  to  fopue  on  f\radamental  law 
and  issue*  of  wanufaoturing  for  the  purpose  of  understanding  art  pOaiwii«, 
Secondly ,  it  exposes  the  'manufacture  prooede  to  fertile  investigation  using 
the  powerful  eo^entlfio  method,  and  finally,  defining  wmufaoturing  as  a 
eoienoe  permits  the  use  of  quantitative  teohniquee  that  will  in  turn 
^facilitate  ocwwnioation  and  implementation.    Bo  I  would  eay  to  you  that  if 
thla  hill  Is  to  he  successful,  one  requirement  for  implementation  relatee  to  v 
thane.   I  reoouoend  the  theme  that  mamifacturlng  ia  a  eoienoe  not  an  art, 

A  eeoond  refamehdatlon,  I  would  offer  for  your  consideration,  pertains 
to  approach.   I  strongly  suggest  that  the  approach  to  he  taken  in 
lmplementatlng  H.R,  4410  is  to  define  vomifaoturicg  in  terns  of  system  not 
components.    It  is  my  judgment,  and  it  is  one  shared  by  others  that 
manufacturing  has  gone  about  as  f ar  as  it  oan  go  using  the  "pieoe  jdllM 
approach  which  serves  only  to  analyze  and  solve  component  problem, 
Continuing  in  this  vein  wlU  result,  at  best,  in  only  smll  inorenentfl  of 
progress,  and  the  aaemio  condition  of  Amerioan  meaufaoturiitf  today  requires  < 
much  more.   Manufacturing  breakthroughs  are  needed  JLn  order  to  "leapfrog8 
foreign  ocwpetition  and  return  Amerioan  manufaotur&ig  to  its  proper  role  of 
international  leadership. 

In  my  professional  opinion,  substantive  ahacgee  oan  now  ooour  only  as  a 
function  of  how  wall  we  are  able  to  oonfigure  the  manufaotttrixtf  prooese  as  a 
system,  and  at  the  same  time  how  ,af  f  eofrlvaly  we  are  afc&e  to  employ  systen* 
technology  to  examine  the  mamifaotmrix^  proooem.   Do  we  have  tibe  technology  to 
aooompllfih  this?    Not  altogether,  but  we  do  have  sufficient  technology  to  do 


\ 


\ 
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a  better  job  then  *  are  currently  doing,  and  I  refer  ■peolfioally  to  ouoh 

integrated 

ooeputer-alded  »aj^eoturlng.t«*»^^  artificial  intelligence  oonoepta, 
•to.  Owioualy,  gape  in  our  technology  exist,  •  and  other*  will  beoojw'' 
^   apparent,  but  these  gape  Merely  beoone  problems  for  eventual  researoh 
'  solution..  I»pl*«entlng  h.V  4416  will  require  a  oreatlve  approaoh.  and  I 
reoowend  the  approaoh  that  defines  mnufaoturlng  m  tens  of  eyetsss  rather 
than  ooaponartts.  • 

identify^  an  appropriate  goal,  is  a  third  consideration  in  Implementing 
the'purpoee  of  h.r.  4410.   a  this  ragart,  I  would  reocwnend  that  the  goal  . 
fibould  be  to  change  lanufaoturing  not  juet  iaprove  it.   Scee  people  my 
^  disagree  with  thie  goal,  but  suoh  a  diaagrea^t  i  iwt  lilteiy  to  thJe 
audlenoa.  •'  Obviously,  we  all  WKWgnlae  there  i*  a  need  for  e^ 
improvements,  however.  immediate  iinproveaente  are  freq^ 
t  nature  eervlng  the  purpose  ot  ft  when*  tn  fact  the  vound  requires 

.•ajor  treatment.  Although  there  la  a  risk.'  it  is  »y  Judgment  that  we  need  to 
(  set  our  goal  high  because  ve  m*t  achieve  more  than  short  ten.  lj^xrovaants.  ; 
in  this  sense,  it  should  be  stressed  upfront  ^t  we  have  no  real  desire  to 
just  improve  upon  cArrent  ways  of  doing  mnufaoturlng.  The  goal,  and  lofty  it 
is.  should  be  to  drk  mnufaotul^  thinking  to  its  lladts.-and  to  become  the 
■    pnaaimat  intwratiai  fOT0.  th»t  tnwlUcA  Mauf«o%  Wo  th9 
twenty-first  oentury.    Although  I  wiu/mwtlon  sons  teokground  to  thie 
position,  i  vm  not  labor  these  polnts*bsfore  thie  audienoe.   1  think  that  we 
^  an  in  agreeaent  that  by  in  la^.  we^  a^ 
.  aaimfaotuning  pretty  touch  the  way  li  was  helng  done  in  the  lata  aO'e,  30'.  and 
1  40.'-'  •nd  ^  tt  tottostive  of  the  Iraot  that  aauufaoturing  today  la  outecded" 
and  outdated.  Even  the  "go  yords-  we\uae*to  discuss  what  we  oell  "modern 
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aanufaoturiitf*.         ****  ten*  M  iiitegretion*  automation,  group  technology, 
oella.  eto. ,  ere  U-Ml*  aors  than  •ffovlw  to  "tweek"  old  sethdae.   I  do  not 

^jt^etf^^^^?^  *<»*»»'«•*--  , 

generally  dot*  nothl*«  »ore  than  automate  end  (xwputerize  «QdBtij>g  equipment 
and  prooeeeee,  OlDdslnpliM  to  ne  that  aanuf aoturlng  3*  etUl  pretty  *woh 
tainlnfw  as  ueual.  Bo  I  would  itpeat  for  ewphaala:  (Xir  goal  Aflftild  be  to 
cfcang*  the  way  we  do  aonufaoturix^  not  "tweak"  ofil  nethode.   We  will  leave 
thla  ahort  'tern  approach  the  to  the  foreign oaapetitors.  After  all;  eowe  have 
already  been  quoted  a*  eaytag  that  they  havJmhing  wore  to  learn  torn  m 
now;  Appropriate  ijppO«entatlx»  of  H«R.  4W,  I  think,  will  nob  only  pre** 
thin  statement  to  be  inoorr^ot  but  aleo  edbarraeeing  to  the  one  who  madi  it. 

A  fourth  reocmmlauon  I  would  wake  relate*  to  lwplementation 
objeotivee.   I  eertouely  doubt  that  my  reoonww^tione  in  this  oaae  will  oome 
an  any  mirpriee  to  thle  auiienoe,  given  the  Oowgreeeional  ground  work  and 
teetlaony  that  baa  already  taken  place  with  ref  ereaoe  to  H.R,  We 
objective*.  I  reooewind,  a*e  a»  followet 

(1)  ta>  etltfulate  and  oopduot  original  research  in  aaiiufaoturing  eyfirtane, 
(3)  To  promote  nanufacturix«  eyeteiw  edboation  in  the  aoadeado 

environment  by  l^paotit^  university  oorrioula  in  engineering  a*  tfell 
an  bualnese. 

(3)  <ro  transfer  in  tisely  fj^'aanufftotvurlng  systems  teobnology  tp  the 

I     industrial  oewnunity. 
\     Finally.  I  woonwol  that  for  the,  i«pl«9iart«Uon  of  H.R.  4418  to  be  ^ 
Buooeeeful,  it  must  have  a,  well  defined  product  focus.*  The  oomlntion 
jMtvMo  product  fooue  and  success,  had  been  demonstrated  historically,  mars 
there  has  been  product  definition  in  the  past,  Federal  efforts  have  aohlsvsd 


♦ 


bxgkxtxp  of  euoaeoe,  bat  in  eltuaticw*  wbere  euob  definitlooa  have  been 
wleaing,  the  reeulta  of  Facta*!  effort*  have  been  leee  thanWixettle*  Bp  In 
thin  regard  I  would  euggeat  that  fl.  ft.  4410  he  iapOaWDOted^  to  produoe.  the 
foOlonU^:     1  t  » 

Ooanite?!**  *th«*tlot}  aethodologi*  applicable  to  they 
daeign,  and  ooutrol  of  aanufaoturlitf  ayateaa  to  produoe  pr 
ftt»  ocooept  through  production  to  introduction  in  the  ip&rke\  place 
far  profit*  \ 


■  \ 

A  reeeonahle  question  in  thie  regard  la  What  aboutf  the  develop***}  of 

y     -  \ 

equipment  tectmolofy<  Again,  my  feeing  la  that  new  equipment  teotmolWy  ttUl- 
he  a  natural  bneflrtal  biproduot  of  implementation.   My  judgumt  la  that  when 

creative  individual*  fro©  several  teotxbioal  diaoipiipee  interact  in  a 

■■./'' 
research  and  developwat  envdLronment,  beneficial  hlproduots  will  naturally  awl 

^neoeeeerily  reiwlt,   Ooe  of  theae  will  he  new  equipment  technology.  However, 

it  ShouXd  he  reoogniaed  that  equipment  technology  la  not  one  of  the  defined  \ 

produote  of  lJipl  mentation,  and  In  ft  opinion  .the  QpeolfiQ  aln  &  develop  new 

equipment  teotoology  ahould  he  left  to  the  mauf aoturiitf  Induatr^u  But  in 

this  regard,  I  would  caution  than  khout  the  need  to  change  nonuf aotuiditf  f or 

the  twenty-first  oetntury,  not  to  fwprova  or  "tweekM  the  ourrent  imnuflaturiifc 

nethoda  that  are  00  oloeely  dependent  on  the  20'e,  30'e  and  .early  40'e. 

Let  m  aloes  with  mm  hcriei'  oomnenta  regarding  organisation,  an  eeppot 

that  will  certainly  )6e  vital  In  aaeurii^  the  euooeeaful  itrplewentatlon  of  H.R, 

4410.   Implementation  in  my  judgment  Should  take  plaoe  in  university 

environments  white  counterpart*!  from  univereltiee,  federal  agendas,  and 

Amerloan  iwJuaetriee  oan  oone  together  in  Cooperative  partnerflhipe.  At  least 

two  things  sake  thla  approach  teeirable.   First  of  all,  Adviaory  Doarda  oould 

ho  formed  with  representatives  frflfc  the  three  oooperatictf  entities,  and  the 

Adviaory  Board*  oould  in  turn  prorvW  research  direction  to  the  university. 
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Beoondly,  unlv«Mlty  «nvlrow»ote  will  provide  aoonw  to  the  videet  swage  of 
tectaloal  skill*  and  prof«*l<tonl  Itdigra^  <ti  t^ty  &       *  to* 
intellectual  vitality  of  young  graduate  students.  Organizational 
iapitfaentaticn  in  a  university  envlxonaent,  ia  py  Judgement,  would 
thi  probability  of  KttOOtii  0*  ti&*  of  H.R.  4410, 
Oho  f opatfoiig  r»p*a«pfri  tm»  mita^woe  of  wy  tbougxtg.  Hay  I  my  again, 
I  ftppreo&Ate  the  opportunity  to  add  »y  support  to  H.R.  4410,  and  I  would 
repeat  again  for  earfaael*  that  la^Oeawrtation.  le  now  the  key  to  euoaesa.  m 
this  reepeot.  oooelderable  attention  Miet  he  given  to  euob  item  as  those, 
approach,  goal,  objeotives,  pa^uote.  and  organization.  Ky redoeeepOatlon 
•  regarding  theee  itew  are  respectively  euhwitted^ 


r 
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Coatmtata  oa  Proposed  UgkOatloo  to 
Support  Rwnnrch  and  DavalopaMBt  oa  Aatonutad 
Mauufaeturlajf  (HR  4047  aad  HR  4415) 


Jcrom*  A*  Smith 
Industrial  Technology  lottltuto 
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UtrodacUoa  '  \ 

It  is  indeed  •  pkMurt  and  in  honor  tor  m*  to  be  Invited  today  to  provide  torn 
comment*  on  two  bills  which  art  under  consideration  by  your  committee.  My  murk* 
will  address  HR  4047,  ttri  Robotic*  end  Automated  Manufacturing  Systeto*  Research  and 
Education  Acl  of  10*3,  and  HR  441ft,  the  Manufacturing  Sciences*  and  Technology 
Research  end  Development!  Act  of  1088.  Than  two  bill*  have  vary  similar  goals,  and 
many  of  the  proposed  mechanisms  for  stimulating  research  and  technology  development 
art  tha  lama.  My  overall  conclusion  b  thai  thin  nation  probably  don  not  need  both  oj 
thaaa  bilk,  but  passing  a  bill  to  aupport  research  and  development  related  to  automated 

i  r  * 

manufacturing  procaaa  technology  Is  absolutely  essential, 

My  purpose  in  coming  today  ia  threefold/  First,  I  will  provida  some  additional 
reasons  /or'  patting  legislation  for  fadaral  aupport  of  research  and  development  for 
manufacturing  technology  which  art  not  cited  in  either  propoaed  bill.  Second,  I  will 
briefly  describe  the  Industrial  Technology  Institute,  a  newly  formed  organisation  which' 
can  serve  as  a  role  model  for  the  type  of  institution  which  the  legislation  ehould  aupport. 
And,  third,  Twill  offer  some  suggestions  for  a  bill  which  will  combine  the  beat  parts  of 
both  of  the  propoaed  bills  with  aome  additional  considerations  or  constraint*  to  be  placed 
on  the  funding  in  order  to  maximise  effectiveness. 

JojtMcntloft  for  Federal  Support 


All  of  the  •Findings*  cited  in  HR/4047  and  HR  4415  accurately  depict  the  ' 
situation  with  respect  to  manufacturing  technology  in  this  country:  that  is,  the  existence 
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of  foreign  maauftflWrert  thai  have  demontiieUd  tuperior  productivity  on  the  baeJt  of 
advanced  qunufacUring  technology  iropleineatetion  cannot  bt  denied.  Alto,  the 
availability  of  tetf  notogy  derived  from  defeate,  ipect,  tod  cxmununketion  applications 
M  ua  lailght  en  pottible  productivity  iinprovement/end  the  need  for 


additional 


\ 


reteercu  toil  technology  'devittopmeat  Tuttt  Iwo  factorage  iMqngty  for  thk  tociety 
to  tUoetlt  retourcee  to  improve  manufacturing  pto^ctlvity.  A  fundamental  question 
arl*ea~Why  ehould  rapport  for  retcarch,  development,  tnd  technology  af  plication  for 
.manufacturing  bt  provided  by  tbt  federal  government?  Let  jpe  attempt  to  give  you 
tomt  Justification.  ^         ■  ■  s 

*  Firat,  the  healtVbf  durable  goodt  manufacturing  U  t  national  tfceue.  Durable  goodt 
with  tajtt  of  1549  billion  accounted  ,  for  17%, of  lut  yttrft  Grow  National  Product- 
„  Manufacturing  capability  bat  long  bttn  and  will  continue  to  bt  t  vital  element  of 
national  security  Thus,  from  both  economic  and  national  defense  jpoiatt  of  yiew,  it  It 
eaten tiai  that  wt  preamrout  leadership  In  durable  good*  production.  Second,  it  it 
unlikely  tM  either  lUte^  local  government  will  devotf  the  reeourccs  required.  In 
many  area*  -where 'the  IrapKtt  of  foreign  competition  have  be^  tot moat  acutely,  local 
governmtnt^LouKea  at e  rooei  itraineA  and  state and  local  goternroenU  do  not  teei 
that  reeearch  and  4ty^ft^V'art  a  major  element  of  their  mbtftpnt.  Sign  frfc  ant 
initiative*  tin  bee*  funded  by  etattt  such  at  New  York,  Pennsylvania,  Ohljv and 
Mkhigt*  HowtW,  to  Hf*t*ts  these  committtienU  f(rotidt  lees  than  it  Identified  at 

r  ear'e  tadtng  la  MR  4047  or  to  44Wj^  while  these  are  important,  they  iui}\ 
inadequate,  jth W>  iht  talea^  pool  for  tfcft^^  technology  problems  it 

extreme^  thltc  Tajt  deifee*^^  ^  'onajry  hat  experienced 

*YW ^H)^  faculty  and  itudent  population!  devoteefcc 


•  —  I  " 
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to  nMAufac  ftag  technology.  T**  *  *»•  to  part  lo  the  absence  of  My  significant 
federaJfundLf  to  spot*oredteee*rch  to  these  areas*  Another  factor  k  a  cousequtact  of 
•  value  qwm  for  faculty  eeleetk>n/promotlon  mid  curriculum  development  which 
cmpbajiie^pplled  science  at  the  expense  of  epplkatktoe  oriented  system*  development. 
These  tmds  are  beginning  to  bt  reverted,  bit  fadar al  research  funding  will  accelerate 
tba  proceae  and  provide  focus  and  direction  to  tba  hind  of  mWlple^lleclpltoa  reeeerch 
end  education  that  la  required.  & 

— *  We  cannot  expect  Industry  to  provide  tha  reeourcce  for  manufacturing  procaaa 
research  and  development*  to  basic  raaaareh  tha  federal  fcovernment  accouute  for  75$  of 
the  total,  according  to  data  gathered  by  tha  National  8elence  Foundation^  Ti*  rest  la 
p&vided  by  Industry,  universities,  ata(a  governments,  aad  nonprofit  bUlUntioft*,  Tha 
industrial  contribution  l»  haavUy  ^coftcaatratad  to  tha  pharmaceutical  and  -^jlriMk 
ioduatriaa.  In  applia<\  raaaareh  aad  development,  tha  Industry  share  ia  much  tftora 
•igniflcent,  55%  of  thi  total.  However,  tha  vaet  majority  of  thai  tovestment  Ja  cVotad 1 
to  product  development  (75%|  as  oppoeed  to  procaaa  development  (iW>Y  (Twelve 
percent  of  Industrial  research  and  <Jevsk>pment  cannot  be  classified  into  either  product  or 

procaaa  development,  according  to4  NSF'e  analysia  of  1981  data.)  Tha  emphasis  on 

i 

procaaa  development  la  much  higher  to  chemicals,  textiles,  and  food  production. 
Therefore,  investments  by  tha  durable  foods  manufacturing  todaatriaa  can  be  estimated 
to  be  a  smaller  fraction,  perhaps  5*10%.  The  point  la  that  there  ia  very  Utile  by  way  of 
tradition  t|tt  argues  that  durable  gooda  manufacturers  will  devote  significant  reaourcea 
to  process  development,  furthermore,  federal  funding  f<*  manufacturing  process  related 
research  and  development  will  ensure  more  rapid  determination  and  widespread 
utilisation  of  the  technotofcy  than  would  result  from  Induatrlal  Investments. 


533 


•    •    •  .  580  . 

 •   ••    .  *  •  .J^  -   

Another  major  argument  against  any  statement  that  wdualfyr  (an  do  thjr.  Job 
derives  from  lit  demogrepkke  of  mtittficUrl^t-flw^  The  bulk  of  durable  goods 
manufacturers  are  relatively  small  firm*  with  vlritisUy  ho  iihbouse  capability  to  perform 
research  and  development,  For  example,  to  tha  metal  working  Industrie*  (thosVwItkJHQ 
code*  &>30)  thm  are  07;80Q  eatnblishmentf  with  manufacturing  at  •  location  with  20  or 
mot*  employee*.  Of  this  number  only  1,400  have  more  then  600  employees,  Staty-three 
percent,  or  more  thta  48,000,  have  fewer  tha*  100  employees.  Thus,  manufacturing  U 
thii  nation  is 'performed  by  *  very  large  number  of  relatively  small  firm/  It  Is  a  very 
•aft  conclusion  thai  these  tmaUfUms  do'&ot  possess,  not  can  they  afford,  the 
technologically  sophisticated  staff  required  to  perform  proceee  related  researc^end 
development  to  remain  competitive.  Furthermore,  tt  would  be  terribly  Inefficient  for 
them  to  try  to  do  so,  and  the  required  talent  ban  simply  does  not  exist. 

These  statistics  may  be  a  key  to  undersUadtng  the  vulnerability  of  today's 
manufacturers  with  respect  to  much  larger  foreign-based,  multinational  compe^torsT 
While  imsllness  wss  a  virtue  in  developing  a  responsive,  Innovative  supplier  base  for 
larger  equipment  manufacturers,  it  makes  ft  difficult  to  address  the  spectrum  of 
technologies  that  will  be  required,  for  the  factory  of  the  future,  e.g.,  computer-Integrated 
tensors  and  machines,  digital  communications,  and  software  which  will  control  processes, 
Inventory,  and  business  systems. 

♦  '      *  '   *  '' 

There  are  two  fundamental  elements  in  the  qqest  for  Improved  manufacturing 

•  •  •  . . 

productivity.  One  is  the  development  of  new  technology  to  Automate  processes.  The 

other,  equally  difficult,  Is  transferring  this  technology  to  actual  application.  As  evidence 

of  the  latter,  consider  two  factors.  Fi^  after  twea4y*flv^  years  sjnct  development  of 

t}c  technology,  less  then  40%  of  the  ma^hlirtoali  used  Ik  this  country  are  numerically 


conlrolW.  (hwkUaUUy,  my  InitltuU  Iwwtly  *fW  4«PV»t«ly  to  buy  w»  America 
built  numetleatty  controlled  Utht  and.could  find  no  source  which  could  match  the  price 
mid  capability  of  $  fort l(f  built  machine!)  Second,!**  haft  sfcn  several  recent  ejceraplee 
of  basic  research  result*  developed  in  tb*  country  which  have  M  to  first  or  superior 
applications  in  the  hands  of  foreign  competitor.  •Wcou  cejblde^erus,  diode  lasers, 
fiber  optic  cables,  to  name  a  few.  My  observation  from  almost  five  years  of  government  . 
service  in  the  leadership  of  a  fovernment  research  funding  agency  'is  that  we  have  to% 
few  mechanisms  In  our*  society  devoted  tb  application  development  and  technology 
transfer,  in  those  arenas  In  which  such  mechanism*  exist,  e.g.,  defenft,  medicine,  and 
space,  the  translation  of  research  reeults  Into  application  has  been  fairly  effective  and  our  1  ' 
world  techno»oglca>  leadership  Is  seldom  questioned,  therefore,  it  la  essential  that  you 
Rsss  JtfisUtiodytbat  will  enhance  both  the  oHuilkfl  of  new  knowledge  through  research 
and  the  trsnifcr  of  that  knowledge  through  applications  development  tn  order  tp  be  used 
by this  nntkm'l  manufacturers.  } 

Ths i  Industrial  Technology  Institute 

'    V  v      ' .  ■    •  '   ;  *  .  /      -  • 

Visionary  leaders  in  Michiga^have  recognised  both  otfhes*  fundamental  elements 

tn  founding  the  Industrial  technology  Institute,  which  I  represent.  The  Institute  is 

destined  to  become  a  world-class  research  sind  development  organisation  tfevoted  to 

addressing  the*  obstacles  to  lk«^rejsdiss4i(Da'.of'.  wi9Pttleii^te^.aliil  mhnnfasturlng. 

Incorporated  December  of  lttfi,  and  Initially  capitalised  by  grants  from  the  State  of 

•  in    *     ■  * 

Michigan  and  the  Kellogg,  Dow,  and  Mott  Foundations,  this  organlsatlon-was  conceived  f 

to  have  sfceral  roles  and  factions.  The*  Include:  (1)  performing  ej|h  basic  and  applied 

.    7     •    ■      »       *A  * 

research  In:  the  arenas  of  Industrial  automation  and  eompute^tegreied  manufacturing 
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•  eonctatr aling  <m  boiMhs  tathaotogkal  it  wtll  m  tha  km lai  and  aconowjo  Implication*; 
(3)  dtvstoplag  naw  tachakpts,  atasoft,  algorithms,  procmM  Mil  dwWon*m»kUi|  took 
for  implamautatlon  li  Ikt  factory  of  Iht  foturu;  (3)  disseminating  information  on 
smargiag  automation  technologies,  social  Impacts,  and  economic  analyses  generated  both 
within  and  outside  the  institute;  and  (4)  foetetlag  tka  development  of  a  aew  industry 
devoted  16  Iht  production  of  hardwire  aid  software  for  ^automated  manufacturing 
Thus,  the  minion  of  Ik*  Institute  U  to  perform  as  both  a  generator  of  new  iaformatkm 
tod  an  Information  transfer,  agent  for •  automated  manufacturing,  It  Is  positioned 
organisationally  as  a  publicly  supported,  non-profit  oorpor etton,  and,  prop  smmatkaUy, 
m  a  performer  of  applied  research  and  development,  at  lha  Interface  between  academic 
research  and  Industrial  implc&entatton*.  Technology  transfer  and  modification  of  the 
•octal,  management,  and  organisational  framework  for  manufacturing  art  perceived  aa 
being  as  ^kallengiag  and  aa  dlffkult  a  problam  aa  technological  innovation.  Institute 
staff  transfer  information  by  acting  la  a  variety  of  roles:  aa  contractors  or  collaborators 
witk  Industrial  partners;  aa  consultants  to  Industrial  oliania;  aa  publishers  of  reports, 

Journal  articles,  and  book*;  and  aa  Instructors  for  short  courses  or  participants  in 

■*..*•.. 
workshops,  ' 

\  '  *  ^ 

Tka  Institute  W  loaatad  adjacent  to  the  University  of  Michigan's  Collaga  of 

^Eagiaaaria'f4Mid  in  tto  midst  of  aa,  extensive  manufacturing  commuuity4here  art  over 

7,000  manufacturing  firms  within  a  I00*m4c  radius  of  Ann  Arbor,  and  8outbaastarn 

Mkhigaa  la  within      or  so  miles  of  wmsumer-prodeo*  markets  comprising  60%  of  tha 

total  population  of  tit  U.8.  and  Canada.  Tha  organisational  structure  and  goals  of  tha 

Institute  mast  all  tka  stipulations  of  a  •Can tar  for  Industrial  Technology"  dsacribad  In 

Section  #01  of  tha  StevcwNHhWydlcr  Technology  Innovation  act  of  1080  (which  has  yet 

0 
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,  to  be  Implemented  with  my  significant  rewurces  from  tht  feder^  government) 

The  Initltuta'i  tKhftktT^rofrwiPaddr^t  lbs  problems  of  digitally  lontrollcd 
sensors  and  machines.  Tht  software  tor  control  of  both  the  hardware  tad  tht 
communication  nelJUt  represents  a  substantial  part  of  tht  affori  In  addition,  new 
software  for  Integrating  design,  planning,  procurement,  and  operations  scheduling  to 
required.  Ntw  Muon  Mid  mechanical  devices  ,wlll  bt  required  to  perform 
menufscturing  processes  iuch  as  assembly  md  monitor  systtm  pertormeae*.  In  many 
instinct*  tht  effort  will  focus  on  tht  adaptation  of  siistlng  concepts  to  ntw  applications, 
In  olhsrs,  ntw  approaches  will  bt  rtquirtd* 

•    ,         ■  I 

Thtrt  are  eoclsl  and  economic  obstacle*  tying  in  tht  path  as  wtlL  Ont  component 

derives  from  tht  organisational  ttructure  of  manuficturlng  which  hit  evolved  to  focus 

^activity  of  humm  Ubor.  Not  only  will  tht  organisational  structure  require  change, 

but  tht*  naturt  off  human  labor  will  bt  modified,    Control  of  Information,  iu 

dissemination  md  it#  modification,  will  pom  many  new  problem^  which  art  tnscpsrab|f 

from  both  the  organisational  itructurt  md  tht  naturt  of  tht  technology.  Economic 

models  art  rtquirtd  which  amphselit  tht  coeU  and  bentflU  of  product  quality,  fleilble 

uw  of  capital  equipment,  reduction  of  Inventory,  and  repair  and  maintenance  of 

eliojironleally  eophtotlcattd  took.  Accurate  projections  of  future  UnpacU  on  work  forct 

•lie;  structure,  and  neceeeary  ikilto  cm  batten  the  trensforaatk*  of  durable  goods 

9  menufmtu^ng  by  informing  government,  labor,  and  managemmt  leaders  of  tht 

Spending  changes. 

"^•^H^Iwtliuta  to  being  structured  to  nddrtss  not  only  the  many  technological  md 
,  economic  VbMf^rs  to  creating  Integrated  n&nufaituring  Installations,  but  two  very 
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significant  cultural  barriers,  Tha  first  of  thee*  hi  tht  una  Jlur ally  long  tlmt  that  It  take* 
for  results  from  basic  reeetorek  to  ba  put  koto  application  With  tht  exception  of  a  jftw 
professional  toelettee  and  industrial  teeearch  institutes,  theft .art  vary  law  mechanisms 
for  technology  transfer  in  tht  manufacturing  arena*  Until  tha  past  faw  years,  do  long* 
tarm  federal  support  haa  bten  available  for  this  kind  of  technology  development 
Manufacturing  haa  traditionally  been  ^ewed  aa  a  segment  of  tha  society  that  could  fend 
for  Itself.  It  Is  tha  relatively  recent  incursion  of  foreign  suppliers  into  capital-intensive, 
areas  like  steel,  ship  building,  automobiles,  and*  electronics  that  has  called  this 
,  assumption  Into  question.  ^ 

Tha  second  major  cultural  barrier  Is  that,  with  few  exceptions,  Implementation  pf 
technologically  sophisticated  manufacturing  equipment  requires  relatively  large  amounts 
of  eapltaJ  as  wall  as  a  new  way  of  conducting  business;  This  createe  the  kind  of 
individual  risk  fojr  engineering  deelgn  and  manufacturing  production  staff  previously 
ericountered  only  In  marketing  departments.  It  createe  tha  need  for  new  tools  to  assete 
tha  benefits  and  Implications  of  tht  Introduction  of  new  manufacturing  methods.  By 
orienting  our  etaff  to  focus  on  mora  applied,  eystems^ntegratkm  problem*,  by  creating 
faetUtice  to  provide  working  teat  bads  for  Inttgrattd  manufacturing,  and  by  addreeelng 
social,  organisational,  and  managerial  problems,  tht  Institute  Intends  to  reduce  the  rbk 
Involved  and  hasten  tht  implementation  of  automated  manufacturing  technologies. 

Tht  Institute  haa  acquired  a  staff  of  mora  than  forty  paople  in  tha  put  year,  Plana 
call  for  a  total  of  75  personnel  by  tht  and  of  1084  on  tht  way  to  developing  a\w  person 
organisation  by  1N8.  Already  tha  Institute  haa  develop*!  collaborative  relationships 
with  faculty  and  students  from  five  universities,  and  several  initiatives  art  underlay  to 
develop  cooperative  programs  with  industrial  firms  which  have  been  eager  to  an  tha 
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fornwtkm  of  thto  ualqtw  «t«prto«. 

Fjiturt  growth  of  ittff  *nd  program  to  pr«dle»Ud  on  th«  mUtbtUty  of  fuBding 
from  Industrial;  and  govtromtnt  iponaora.  Induitrlal  iponnomhlp  from  Urga 
manufaoturw  mm  aniuiad.  Howavar,  u  I  dasorlbad  nbova,  turn  to  *  quaatlon  aa  to 
wh.th.r  iro*U  manufaoturara  havn  tna  will  or  tka  raaouroas  to  dav<5la  to  rponaortng  {fa 
rmwoh  and  development  projecte  neceeeary  for  their  survival  end  growth.  Expanded 
federal  support,  therefore,  ii  Impe rative. 

\  \ 

A  Propoaal  for  Naw  UgUUtkU  , 

f 

Present  federal  funding  for  manufacturing  rented  research  end  development  U 
woefully  Inedequata,  restricted  to  a  W  milUoti  Natlojiftl  Science  Foundation  program  *»d 
some  filler  afford  In  other  agenclea  luch  at  the  Office  of  Naval  Research  and  tfce  Air 
rorcrt  fCAM  project.  Most  of  tha  funds  expended  by  tha  military  departments' 
manufacturing  technology  programs  ere  divoted  to  •mail  batch,  military  production 
problems,  and  the  work  la  being  performed  by  their  Industrial  contractors  There Va  < 
need  for  a  much  broader  base  of  federal  support  which  addresses  the  problems  relating 
to  mid  and  high  volume  commercial  product  manufacturing. 

Let  me  make  some  specific  commente  Will)  regard  to  the  two  bilk,  HR  4047  and 
HR  4416,  which  are  under  the  coyideratkm  of  this  committee.  Flint,  I  am  not  certain 
that  both  are  needed.  The  level  of  effort  providad  by  the  lucceeiful  passage  of  both  bills 
could  not  be  provided  by  the  existing  talent  pool  V  ejked  4  pick  one  bUI  over  the 
othsr,  I  would  endorse  the  passage  otmjMJsi  three  slfnlltoattl  reaacme.  First,  II 
provldU  a  longer  term  base  of  support,  extending  to  1090.  Tb|s  la  Important  because 
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development  of  advanced  manufacturing  tccfceotoft i*  not * ehort-terro  proposition  Ht 
breedtj*  of  tecbaology  required  ia  egteaeive  and  IN  integration  problem*  are  extremely 
complex  end  f  |0  demand  extenelve  effort  for  i  decade  to  provlde'the  look  m  wajl  m  Ik? 
trained  manpower  to  uee  them  effectively,  Second;  MR  4047  explicitly  provide  funding 
'for  »,  federal  reaearch  center  at  Iht  National  Bureau  of  Standard*,  Activity  $1  NBS  la 
Already  underway  and  haa  eerved  to  trtnefer  technology  and  focue  on  cjueetlona  or 
ctenderd*  which  art  Important  factor*  la  mating  furthtr  progrca*.  Third,  HR  4047  call*  „ 
for  Iht  Mta^lWhmtnt  of  haft  Center*  for  Induatrlal  Technology  aa  wall  aa  a  mora 
broadly  baaed  baalc  reaearch  program  and  accompanying  graduate  fcUowahlp  and 
tralalng  program*  to  be  implemented  tn  univcrciiie/  and  college*.  Thu*.  HR  4047 
correctly  idantinaa  the  Importance  of  technology  application*  development  aa  wall  aa  naw 
fundament*!  kndtfledgc  generation.  * 

Thla  ly  ot  to  lay  thai  I  feel  HR  4047  k  perfect,  There  art  modification*  to  the  bill 
which  I  would  aak  you  to  conilder.  for  example,  Section  8  stipulate*  lump  lum  funding 
for  Implementing  Section*  5a  end  5cjo*0  mllllqp  In  FY84,  40  million  ttt  FY85»  and  $50 
million/year  in  FY'*  8*00.  To  tmura  Iht  eetabllihmeiA  of  and  adequate  funding  for 
Center*  for  Induitrlal  Technology,  ipeclfie  funding  or  a  minimum  level  of  funding  ehould 
be  explicitly  elated  A  the  bill  for,.  Section  5a,  I  would  argue  for  the  eventual 
eetabllehmenlof  five  or  aix  ittch  center*,  each  funded  at  an  annuel  level  d(  approximately 
$5  million.4  Thua,  Section  8a  could  be  modified  to  stipulate  that  010  mlUkH(  ba  provided 
in  theyiret  year,  190  million  in  the  eecond  year,  and  815  million  each  year  thereafter  for 
the  eeiablkhmant  and  tuiteinlng  of  programa  at  no  fewer  than  five  Center*  for  Industrial 
Technology.  Section  5c  would  be  funded  by  the  balance. 

Another  suggested  change  would  be  to  eliminate  the  phrase,  •»  discrete  segment* 


J 
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in  talk*  tyaXI)  of  HR  4017.  Ai  iliM,  cantata  would  be  eetebUehed  lo  focue  research 
tad  dntlopment^n  very  narrow  tegmenta  of  lit  automated  »*auf*ct*r|»g  problem  Mi. 
Tbie  would  h  i  ttbtakt,  in  my  opinion,  because  oat  of  the  moil  diffkmH  tart*  In 
achieving  computer-integrated  manufacturing  la  tying  together  the  sensors,  digitally 
trotted  machines,  and  communication  networb  Willi  tbt  software  for  taWpaUd 
control  Furthermore,  Integration  of  tht  hardware  and  software  systems  must  be 
^performed  wilb  conkloUt  knowledge  of  iu  Impact  on  tht  orfaniiatkmal  structure  and 
manner  of  conducting  bustncs*  to  manufacturing  firms.  For  that*  reasons,  I  recommend 
that  tbt  language  reflect  a  desire  for  tht  establishment  of  *#tlcs  ofj^MlacltUw^ 
•  cantata  which  dtvoto  attention  to  several  aspect*  of  tht  technological  and  aoc^j 
Impediment*  to  achieving  advances  In  manufacturing  productivity.  '  k 

Aa  a  minor  addition*,  I  suggcejt  that  4  daalrt  bt  axpraaatd  by  tbt  Congress  that 
thee*  centers  bt  tatabUahtd  with  torat  viaw  toward  geographical  distribution  In  area* 
which  contain  a  significant  manufacturing  baat,  This  provision  would  assist  In 
technology  tranaftr  and  tht  actual  implementation  of  technological  advwt^t 

One  difference  that  exists  batwefa  HR  40f7  and  4416  la  tha  Lmiflcjntnling 
agency.  ^Jp  4047  would  make  NSF  *a  rtaponalblt  agent  for  Implementation,  SvhUt  HR 
4416  givt*  tht  responsibility  for  carrying  out  it*  provisions  to  tht  ptpartmtnt  of^  , 
Commsrc*.  While  I  understand  tht  efficiency  of  alaglt  agency  responsibility,  It  may  bt 
prudent  In  thla  instant*  to  involve  both^th*  NSF  and  NBS  |n  tha  management  of  thla 
program.  NSF  ctrtliily  baa  tht  tradition  and  expertise  to  conduct  tha  bask  rcteajch 
(Section  5c)  and  training  (Section  0)  pJUWona  of  HR  4047.  However,  Jetting  / 
dtalgnated  aa  a  federal  rceeareh  center  (Sectkrf  6b),  would  be  In  an  excellent  position  to 
maximise  the  effectiveness  of  tht  Implementation^  of  Sectk>n(6a),    The  National  K  ^ 
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Engineering  Laboratory  of  the  NB9  has  ths  talent  and  expertise  to  effectively  manage 
and  coordinate  tke  programs  of  Centers  for  Industrial  Technology  to  bo  established  bf 

thU  legislation,  and  the  Integration  of  these  with  the  federal  research  center  U 

I  *  " 

Imperative. 
Conclusion 

In  summary,  I  have  tried  to  Supplement  the  strong  can  that  already  has  been 

made  in  the  language  of  these  two  bllla  with  additional  reaeons  for  federal  government 

support  for  research  and  development  in  automated  manufacturing    Abo,  by  my 

description  of  the  Industrial  Technology  Institute,  I  have  tried  to  convey  that  we  have* 

already  established  an  organisation  which  fulfills  the  objectivce  of  the  proposed 

legislation,  and  that  this  organisation  can  servant  a  role  model  for  the  creation  of  others. 

My  comments  on  the  specific  provisions  Of  the  two  bills  are  designed  to  ensure  that 

attention  Is  also  paid  lo  applications  development  and  technology  transfer  aa%ell  u 

fundamental  research.  1  1 

% 

Thank  you^tor  youn  kind  attention.  I  would  be  happy  to  answer  any  questions  you 
might  have  on  . the  point*  raised  here  or  on  other  aspecte  of  the  proposed  legislation. 
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Testimony  By 
»       Lawit  M,  Branacomb 
Vic*  President  *  Chief  Scientist  # 
international  feuainess  Machines  Corporation 
^         Armonk,  New  York  10304 

before  the 

Subcoiwnittee  on  Science,  Raeeardh,  and  Technology, 
of  the  House  Science  and  Technology  Committee 
IKS.  House  of  Representative* 
•  Juno  12  r  1984 

...   '   •   '  /    •.  to 


■'.     ./>  - .  •  • 

Mr.  Chairman,  Membera  of  the  Subcommittee,  thank  you  for  the 
invitation  to  testify  . on  behalf  pf  tha  IBM  Corporation  -on  th. 
i«u.  of  tha  impact  of  technical  innovation  on*  U.S.  economic*' 
competitiveness  and  the  tola  of  the  federal  'government  in  the 
enhancement  ot\tha  ^novation  propess.  ' 

We       IBM  are  afraid  that,  sometimes,  our  views  on  the  rPla  of 
'  the  government  are  diacounted  because  we  are  seen  as  a  auccWul 

self-sufficient  multinational  company  who  tonsi.tently  advocate. 

"laiaae*  faire"  policiea.    And  while  we  make- no  claim  to  apeak 

for  anyone  but  ouraelvea,  it  ia  important  to  aay  that  because  we 
work  with  hundreds  of  Wl  companies  aa  auppliera  fj,.,  the  IBM 
PC  ia  almost  entire^  an  assembly  of  comftonenta  purchaaed  from 
other  compani..,,  our  yiewa  are  inevitably  Influenced  by  our 
daily,  involvement,  with  the  details  of  technology  transfer  and 
commercialization  among  a  representative  gr/up  of  both  large  and 
email  companies,  / 

■  » 

Mr.  Chairman,  we  are  discussing  a  very  broad  subject  and"  it  is 
difficult  to  respond  cogently  without  art  attempt  to  put  this 
iasue  into  context,    I  offer  the  following  statements  on  that 
basis,  ,  . 


1 1  *       ■  ' 
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There  is  general*  agreement  tAat,  aince  t^i  I9601 a,  U.S,  inter- 
national competitiveness  baa  on  average  declined.    This  has  come* 
«bbut  primarily  because  of  strong  and  technologically'  capable  / 
competition,  which,,haa  redhead  U.S.  trade  shares  overseas  and  is 
accelerating  tha  affect  of  fundamental^  systematic  change  in  the 
UfS,  economy  here  at  home,  *  m 

/ 

In  evaluating  the  Jeriousness  "of  the  pgroblema  we  face,J^^  ; 
important  t^o  be  vary  objedtive  about  c&ubqb  and  var^ffiscriminat;- 
ing  about;  cures.    For  the  roots  of  the*  new  compefcffiive  challenges 
from  overseas  are  in  the  mastery  by  others  oft  the  very  tal" 
that  made  the  U.8.  economy  the  world  leader  in  ttfie  past  an 
sus'tain  it  even  today  as  the  most  productive  industrial  'economy 
in  the  W9rld. 


1  JR  not  want  to  suggest  that  we  Americana  don't  face  a  serious 
challenge  —  or  to  imply  that  we  do  not  have  serious  structural 
problems  that  require  government's  attention.    Indeed  the  budget 
gap,  the  overpriced  dollar,  an  unaoceptably  low  savings  rate  are 
all  serious  threats  to  our  future  competitivervlas^  I  <A  want  to 
,'suggdet  that  macroeconohiic  arguments,  which  are  essential  guides 
to  fiscal  pdfclcy,  are  poor  guides  to  science  and  technology 
policy.  ^ 

i  4  ■ 

For  example,  many  say jMierioV  is  "de-industrialising, M  losing 
jobs  in  the  manufacturing  sector  as  a  result  of  foreign  •' 
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competition.    In  fact,  that  is  not  so,  either  in  1950-73  or 

.  *»  i 
1973-80'.   (1)    .  .  . 

■  .  \  •  . 

But' even  if  that  wore,  so,  you  would  not  know  whether 'the  news  was 

.  /good  or  bad  —  good  because  increasing  productivity  permitted  a  ' 

growing,  competitive  industry ,  whose,  growing  revenues  funded  new 

jobB  in.  services  —  or  bad ' because  falling  productivity  resulted 

in  lost  sales  and  attrition  of  the  work  force  into  unemployment. 

OUr  technological  problems  need  a  microeconomic  analysis,/ 

f 

The  truth  is  the  U.S.  faces  two  tasks t     first,  to  accelerate  our 
ability  to  develop  new  products  and  services,  and  the  new  tech- 
nologies that  give  them  superior  prices,  quality  and  value/  and* 
second,  to  enhance  the  agility  and  compassion  with  which  oar 
society  embraces  structural  changes  from  which  our  people  will 
benefit  in  the  long  run. 


We  must  learn  to  do  better  what  we  Americans  already  do  very  f 
swell.    This  is  not  cause  for  aomplaceffcy.    Neither  is  it  cause' 
\cr  a  crisis  level/) f  alarm,  precipitating  ineffectual  actional 

#  ■■  ■  ]  '  v 

t  The  realization  that  our  most  rapidly  growing  industrial  competi^ 
are  Japan  and  its  Bast  Asian  neighbors  Ko^ea,  Hong  Kong,  Taiwan, 

t  I  <  0 


(1)    Robert  Z.  Lawrence,  "Chang*!  in  U.S.  Industrial  Structure! 
Tha.ftole  of  Global  forces,  Secular  Trends  and  transitory 
Cydles,"  prepared  for  the  Symposium  on  industrial  Change  and 
Publio  Policy 0  Federal  Reserve  BahlCTJf  Kansas  City>  August 
1983^  p.  9f  <f  | 


and 'Singapore  and  a*  analysis  of  the  industry  segments  in  which 
they  have  gained  shares  <£>es  support  the  proposition  that*  the 
U.8..  ability  to  commercialize  new ^ ideas  as*  rapidly  as»  id 
neceaaary  has  dacreaa^lS^n  wbile  our  ability  to  generate  new 
idea's  remains  strong.  •  .  * 

•   4-  *  .  *' 

'   *  .  - 

It  is  to  this  problem  of  commercialization  of  technology  ttfat  we 

understand  the  proposed  solutions  contained  in  the  bills  before 

this  Committee  today  are  directed  and\o  which'ou£  views  are 

addressed;  •  f  \  *  '  - 

At  the  risk  of  oversimplification,  let  me  characterize  these 
bills  in  three  ^oups.x  4 

•  ••'  >  .  ';.  * 

f  h«K.  2525  and  1243  propose  t^o  different  mechanismk  for 

„  ,  f    devefoping  a  national  industrial  strategy*  ^ 

JLR.  481  and  4361  (along  with  it's  companion  HUR/  4360)  \ 
propose  new  government  agencies  to  take' actions  in  implemen 
tation  of  auch  a  strategy. 

H.R.  4047  and  4415  are  aimed  at  enhancing  capabilities  in 
i    one  specific  technical  ardat    manufacturing  aysttemte*  * 

i 

Without  getting  into  the  details  of  these  measure*,  ,we  can 
identify  two  basic  themes  underlying  all  of  themt  * 
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v  ; ,  -j  ^  A*     To  what  extent  should  the  federal  *gQvernment  ntwmpt;  ^ 
V  define,  infjtancfi  or  direct  the  privftt^itatOr^a  pianii; 
or  actions  in  commercial  technology? "*;?v>  \  v  *  Vv 

B.     To  what  extant  and  in  .what  manner  should  fedeiril 

agencies  select  and  Ji^Oe  teo»vilcai  activities^- %  . 
.research  or  educational  -^  intended  to  enhance  commercial 
»   ...     competitiveness?  .  v\  *  '  •>.-■■' 

•  ;       •  .  .  .  .    ■  '  ,  ,;r.r  v..:1  /:.■•• 

,  If  the\choicea  open  to  us  in  answer  to  that^cjues^iohS:  were  /<  V 
limited  t^in  eve^  way"  or  "haver,*' .the  debate  would  turn  , on 
very^ simper issue*.  —  a  choice  between  state  socialism  and 
v  'unconstrained  Capitalism*    Happily,  a  much  more  sophisticated  set. 
oi  choice*  are  available  to  us  —  for  there  are  both  appropriate 
and  inappropriate  roles  fojj  government  in  this  area. 

The  rhetoric  used  to  get  thie  issue  qf  technolSgic/U  vitality  in 
*  our  economy  on  the  national  agenda  too  often  obscures  the  criteria 
that  should  guide  policy,    Thus,  while  IBM  favoxj  strong  ^ede^a^ 
actions  ;tha£  make  important  contributions  to  tfiJit  yitA^tyy  we 
oppose  many  -  ^though  not  all  ~*  of  the  solutions  suggested  in 
/     these  bills.  1         .  V  *  %  '  • 


Let  me  now  address  in  some  detail  the  criteria  for  federal  actior 
that  we  believe  should  guide  public  poUqy,    You  will  s^k  that  we 
strongly  endorse  much  that  this  committee  and  the  agencies  it  • 
authorises  do,  and"  we  feel  that  m*hy  of  the  future  actions  op  -!  * 


5QVtMfni*tni'  "csiv  ttftyb ^e  car^Kdout  through  t&lycnra  same^gencies 
«nd  «Jnj|hi         .tradition  of  nan-coercive  cooperatiion  among 
■^90vi»|?ibtiiin^» <>naa»it5ipar.  and  e4ucdtion,  and  vigoirpus  c*mpetition  in  a 


'free^rkefc  piece, 


TJ8<^»C|t>0b3f  PHOMOTldft  fr8  AN  BLBjflBNt  Of  ECONOMIC  POLICY 


.•)V 


GiVtfty  tjh*  fact  that  high  on  the  public  agenda  is  concern  for  IKS, 
economic  oowpetitiveneaef  whose  roots  lie  in  the  capacity  of  the 
px^iy^e  sector  for  productivity  growth  and  technological  innova- 
tion,; the  question  bef p»f.  us  i*  What* actions  should  the  /ederal 
.jovtif-ittiftt  take  to  promote  the  technological  capabilities  and 

I  will  rtiake  the  case  tKat  government  must  strengthen  anfl  sustain 
tbtee  close  relationships'  iii  our  technological  infrastructure 

•      "  .  s  •         .  v  .. . . 

the  relationship  between  a^Varteed  research  and  higher  education? 

v  ■  ' 

between:  soience  and  engineering;  and  batmen  universities  and  * 

industry/./  >  -  "  * 

v  .  ■     ,     v  ..   ■  ,  ,  ' 

The  mechaftiams  through  which  industry  gjiins  access  to  talent  and 
new  ideas  a|e  as  varied  and  comaJW^(^  the  innovation  process 
itfiSlf •    However,  much  one  uJ£B$rW  cou ld  short-circuit  this 
complexity  by  direct  federaljnvesttrtint  in  specific  Commercial 
technologies,  tha(  strategy  wiU  usually  be  a  failure, 
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thus,  wo  favor  keeping  federal  support  for  science  and  universities 
strong,  encouraging  the  4ti^*ion  of  NSF's  activities  in  academic 
enginssring,  and  ancouragl^collaboration  between  universities 
and  industrial  comptniss  of  all  sizes  and  kinds/ 


We  do  not  favor  separating  engineering  from  the  NSF  or  the 
creation  qf    new  agencies  that  could  divide  rather  than  unite  our 
national  technical  community.    Both  H.R.  4361  and  481  could  have 
this  effect.    Much  of  what  should  be  done  can  be  accomplished 
under  the  NSF  Enabling  Act  and  the  Stevenson-Wydler  Act,  The 
amendment  to  the  nsf  statute  passed  by  this  c^tafoittee,  while 
probably°not  necessary,  helps  to'make  clear' that  NSF«s  mission 
covers  the  fuj.1  spectrum  of  skills  and  creative  pursuits  needed 
for  a  productive,  innovative  society,    I  urge  the  Congress  to 
move  ahead  with  the  structure  we  have,  challenging  both  NSF  ang 
the  Department  of  Commerce  to  strengthen  their  capabilities  and 
work  .with  industry  in  ways  both  communities  will  find  beneficial* 


TECHNOLOGY,  SCIENCE  AND  THE  INNOVATION  PttOCBSS 

To  explain  my  point  of  view,  let  joe  begin  with  a  short  comment  on 
the  nature  of  the  industrial  innovation  process*    Industrial  and 
indeed,  agricultural  and  service  firms  too>  depend  on  technology 
to  insure  good  quality  and  low  cost1  for  their  products  *  in  other 
words,  to  incroase^Sieir  productivity  and  competitiveness* 
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Better  technology  and  innovative  ideaj*ar<j  alio  the  keys  to  new 
products  and  processes  and,  thus,  to  innovation  and  business  - 
growth.    Technology  is,  therefore r  a  capability  -  made  of  science 
and  engineering  knowledge ,  skills  and  experience  deployed  in  a 
competitive  environment  for  the  product fftn  of  goods  and  services. 
Technology  is  not  science,  is  not  information*  is  not  research. 
Technology  is,  of, bourse,  the  main  product  of  industrial  research, 
engineering ,sand  entrepreneurial  management'.  But  to  competitive, 
:  ;v  commercial  technology  must  be  developod  by  people  with  an  intimate 
.jcv-"  ■  knowledge  of  both  market  circumstances  and  cost  implications* 
|r^>JJ}i*  knowledge  must  be  tamely,  for  dally  decisions  on  technical 
ftp' 


•JJtrategy  are  influenced  by  changing  competitive  circumstances, 
' •^prtow  reports  of  scientific  progress  in  the  universities,  new 
y^-^v|^np'li  cat  ions  for  production  costs  and  schedules  as  engineering 
:^ij^|ata  are  gathered.  ,  .  . 


TjSjriy  commercial  laboratory  that  is  not  higtt}y  rdsponsive  *a  these 


^.whanging  circumstances'  runs  the  danger  of 'developing  the  wrong 
product  for  the  wrong  market,  out  of  ttfe  wrong  technology  at>'the 

Ste  '  *  v"' 

costs.    Few  people  in  government  have  litftor  the  informa- 

'  Wij&ipn  or  the  managefifent  environment  required  to  operate  a  program 

*W  i*\  -If  technology  development  for  commercial  use).  J 

i*Hi^hese  dynamics  of  industrial  R*D  are  especially  important  in 
4^%igh  teclV"  industries  where  change  is  particularly  rapid*  Our 
t^^^p^nyi  f0f  «xample,  is  working  Concurrently  on  six  generations 
WMlfk  computer  systems,  each  witft  technology  wittrroughly  twice  the 

■fl  ■  •  ■ 

<•*■    -       ■  ...       .  * 
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ef  ffefetlvenese  of  it  predecessor.    But  the  historicallySoore  •low* 
paced;  industries  (some  even  doomed  to  the  designation  "s&naet" 
industries)  are. alio  challenged  by  rapid  technological  change*  ^Jj> 
for  the  tisw  industrial  technologies  of  automation  and  information  * 
management  can  be  used  -  and  are  being  used  by  U.S.  competitors  - 
to  upgrade  both  productivity  and  product  at  a  rapid  pace  in  these 
industries  too.  Industries  where  fl#ed  costs  are  high  and  plants 
are  old  must  be  particularly  adroit  in  making  technology  choices. 
I  don't  believe  government  agencies  should  try  %o  make  those 
choices  for  them,  and  thus  am  very  skeptical  about  the  applied 
commercial  research  proposal  in  H.R,  43^« 

f 

in  contrast  to  commercial  development  of  products  and  technology ? 

scientific  and  engineering  research  is  typically  aimed  at  exploring 

the^tfft  of  the  possible^  at  testing  potentially  valuable  but 

high-risk  ideas  whose  payoff  lies  out  in  the  future,  at  exploring 

new  tools  and  methods.  Strategic  judgments  on  research  directions 

depend  on  /deep  understanding  of  both  •science  and  the  processes  by 

which  theUcience  may  later  be  /put  to  work,  industrial  and 

academic  scientists  and  Wrtginetara  shaice  the  necessary  knowledge^  r 

and  experience  to  make  ,theee  judgments  and  contribute  to  the' 

foundations  foi^new  technologies.    This  is  the  kind  of  work  NSP 

and  other  agencies  do  and  should  support  -  both  in  science  and;  in  ' 

I  « 

engineering* 
*  ■ 

Since- commercial  technology  draws  bo  directly  on  scientific  .and 

V 

engineering  research  andv  the  education  of  yie  nation's  pool  of. 
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scientific  and  engineering  talertt,  the  ability  of  private  companies 
to  InnQVate  ia  directly  dependent  on    the  vigor,  availability  and 
appropriateness  of  thaaa  knowledge  and  human  resources..  For  this 
reai^n,  wa  strongly  aupport  the  policy  of  focusing  government 
sponsored  long  ranga  raaaarch  'primarily  in  col lag*  and  university* 
laboratories*  ' 


SOME  POLICY  PRINCIPLES 

Tha  roja  of  government,  then*  is  toi  % 

« 

(a)  ^remove  obstacles  to  innovation  and  productivity  growth, 


lb)    provida  an  economia,  tax  and  regulatory  anvironmant  condu- 
civo  tb  technological  advance,  * 

(o)    aupport  tha  human  resources  and  raaaarch  base  for  the 
technologies  on  which  tha  private  aactor  depends* 

In  addition ,  of  course ,  government  alao  haa  constitutional  ' 

obligations! 

i  .. 

t  * 
(d)    at;  tha  federal  lavql,  to  invest  in  military,  space,  public 

health  and  safety,  and  other  federal  RtD  needs  and  v 


\ 


ft 
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j(o)    at4  tfyi  state  ltvil^i  to  sustain  the  system  of  public  Schools, 

*    rf  colleges,  universities  and  state  research  institutions  oft 

I  r'  * 

I        which  thai  lQcal  aconomyf  health  and  wolf are  depend. 

i    >  •       •     ...  .  '      ' :  '  .  ' 

How,  should  the  federal  government  daoida  mora  ■pacifically  what 
activities  it  should  undertake?    Ha.  believe  the  fallowing  prinoiplee 
•hpuld  apply i      '    '  .   \         "  '"' 


envitfon 


*(a)    Government  should  assure  the  health  of  both  the  environment^ 
and  the  process  for  private  innovation,  and  not^,  substitute 
itself  for  the  more  effective  private  sector  process  of 
technology  generation.    Government  bfficiale  are  too  far 
removed  £rom  the  short-term  vagaries  of  the  marketplace  to 
be  sufficiently  sensitive  to  .these  subtle  and,  of ten  decisive 
influences*    the  time  constant  for  change  in  direction  in  * 
'government-directed  work  is  much  too  long.    Thus,  the  te|t 
for  federal  funding'  of  R&D  aimed  at  benefits  to  civil 
N  employment,  and  economic  competitiveness  should 'bet  If 

Retailed,  first  hand  knowledge  of  competitive  market  oonfljUion| 
ant)  requirements  for  pro<uotidh  .and  service  necessary  to 
make  the  RfcD  useful,  and  competitive?    If  so*  qovernmant 
Should  restrain  its  zeal- to  help  in  this  manner. 

(b)    Many  economists  argue  that  individual  fiijms  tend  to  invest  « 
» less  in  Rtp  than  would  be  of* greatest  benefit  to  the  economy 
as  a  whole,  because  only  a  part  of  the  benefits  ate  appropri- 
able  by  the  invest  ln<j*  firm*    Thus*  government  has  an 
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incentive  to  encourage  expanded  investment  in  commercial 
R4D,    To  do  bo  directly        government  selection  and  qUndin^/ 
of  induetriee  and  commercial  projeota,  would  in  moat  caeea 
incur  the  problem  juat  diacueaedt    tnatead*  government 
ehould,  ue*  the  incremental  R&D  taj<  oredlf  aa  a  maana  for  '  , 
encouraging  expanded  private  investments  not  the  ael^ctlorf 
fry  government  of  epecjf ic  commercial  prolecta  for 
W 

permanent  and  tighten  ila  definitional 


aupport.         H*R,  4475  and  8*.  2165  wou^d  q^kei  IdiA  tax  credit 

k    <  /  *  < 


\ 


.  \ 

(o) „,  There  are  teahnologiee  of  potentially  very  great  cbmmertjiaj. 
value ,  which  are  eo^ong  delayed  in  possible  commercial 
benefit  and  ao  riak-aensl$ive  that  private  ,inveetment  ia  > 
unlikely  to  reapond  to  the  opportunity .f    In  theae  cirpurn^ 
w    atancea,  federal  participation  may  be  warranted.    Vor  such  v  « 
tephnol9giea  market*  may  not  yet  exiat;    The  ,prbblema  ar* 
primarily  technical,    B*amplee  might  include  the  early 
development      nuclear  electric  power  techno  logy  M«furiy  %  , 
development  of  **e^  typee  of  large  commercial  aircraft  and 

3"        a^aoe  technology  investments  that  led  to  commercial  commuM-  ) 
cations  satellite^    In  the  nuclear  power  case,  the  govern- 
4  ment  owned  the  technology  initially  *nd  ita  role  wae  impor- 
tant /but  government  domination  of  the  industry's  technology 
probably  peraiated  much" too  l&nq,    in  special  circumltencea# 
where  *  radically  new  area  of  acience  and  engineering  givea 


(2>     8e#  Direct  Tax  Incentives  for  R&Di    Time  to  Cut  Bait  or  to 
-     tfieh?4  by  Lewia  M,  Bragecomb,  IBM  Corp*,  Harvard  Buaineaa 
School  75th  Anniveraafy  Colloquium  on  Productivity  and 
technology  *  March  28,  1984  , 
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|P  *  y  . 

m  fatt  4Alt«M»  tOPnomlo  pof  ntla}.  and  ••  ' 

MUffig&j  flfciBj  »*Ploratorv  ohaaa  of  tha  fohnoloqv  b. 
fltoBF^'.  Government  ehould  alao  learn  how  to  gat  out  of 
theee^areae  and  turn  back  to  fundamental  raeearah  and  \ 
..generic  technology  at  the  right  time, 

h  dlosely  related  case  is  the  federal  demonstration  project, 
Ofteq  expensive  project*  litfe  the  88T,  HOO1*  "breakthrough" 
project  on  modular  housing,  or  the  Clinch  JUfter  Bree4«r  art 
proposed  ae  tests  of  either  the  technology  or\the  market  or  * 
both.    Costing  tens  or  even  hundreds  of  foiUions  of  dollars, 
they  beocoe  too  conspicuous  to  permit  much  technological 
risk,  aiuj  they  rarely  teeV  realistic  market  orfeconotoio 
conditions*  Thl^forro.of  federal  development  program  .hae^ 
lost  favbr  wer  the  last  two  administrations,  and  has  j 
large  eatent  bssn  •limijffcts^jrom  ths  nort*defense  ssdtor  of*^ 
the  fsdsral  budget,  Fe&eral  dsmonlbration  programs  that  taat 
neither  technology, nor  market  acceptance  and  econo^cs 
Should  not  be  undertaken,  \ 

(a)    Sustaining  thsvvigor  And  acosssibility  of  scientific  and 
4  engineering  research  and  education  if  a  clear  federal* 
responsibility!  'shared  with  the  itetes  and  private  institu- 
tions, u.0»  scienoe  is  the  ertvy  of  ^tte  world,  honored  by  a  \ 
lion's  share  of  Nobel  prises  end  followed  in  greal  detail  by 

:  ;■   ,r.       -  •  •  ■  ■  * 
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nation^  lias  well  endowed  vrith  Icientific  imagination  and 
accompUfchmentr  A  bountiful  frourde  o<;  ideejr  for  techno- 
■lofli>as  of  tuture  long  range  ^nonproprietary  ecientif ic  ana 
'efrtineerlna  research «muet  bm  sustained  in  Its  Wfrrid  leader- 
'jihlp  position,  by  federal  frndBtvThe  National  tci*nty  %<  - 


Foundation  and  the  National  ItfstAfcUtes  of  Hdaltb  are  wall  i 
suited*  to  these  £aaks  today  4   \  ]f 


tony*  |nd  A^.ize^  post-graduate  and 

profaeeiofR.  scrapie  through  .ministries "of  education ,  and, 

?  i  •  *"  *  •      •      s       /  '  n 

ftind  research  through  a„  syktert  otf  national  laboratories, 

Thisipattern'  I*  eee>n. in.  Germany  (Ma^  Planck  ins.titutte),  ( 

France  (CNRS) ,  Japar\  (MITI  laboratorieir) ,  Australia  (cilfto) 

.and  the  USSR  '(Sbyie-fc  tfcademy)\<  Much  ok  the  quality  of'uTS.' 

'higher  education  aod'thf  relatively  .oloeS' and  e^portiVe 

*    y  *  » 

relationship  betw«en:our  u^vereitiea  and  induatrtf  rfceul* 

,  from  W  unique  policy  tha^r^puld  be  continued t    Focus  the<\ 

majority,  of, federal  baadc  research'  funds  irt,P,g,  university 

laboratories,  ,th\»a  sustaining  kptfh  aducation  and  reaearoh 
^         "  ♦        f  ■  •  • 

through  d  jingle  pattern  of  invaalmarite*   £hta  greatly  • 

enhances  the  value  of  -  the'  research'  inve a tment  t&  industry , 

for  the  moat  ef f ectiv^  means,  for  transfer  of  reperirch 

knowledge  ia  through  the  employment  of  . people  with  research 

<  experience,  %      y      *  .  '  v,  . 

only  7  I  of  university  taeearch  i«l  supported  by  privata  * 
indtvstry     a  meaaure  of  fhe  ^isfclnpt  rolos  these  inatitu- 


tione  play  In  the  nations^  scientific  enterprise,  only  3  % 
of  the  total  funds  available  to  private  research  univer- 
sities comes  from  corporate  philanthropy,  Yat  these  rela- 
tionships are  very  important^ao  maans  for  keeping  private 

companies  in  touch  with  new  ideas  and  exposing  students  and 
j  * 

♦.faculty  to  the  priorities  and  challenges  of  private 

industry.    Government  policies  that  encourage  companies  to 

assist  and  collaborate  with  universities  leverage  the 

federal  reaoarch  investment  and  pay  Important,  e|unquart- 

tlflable,  economic  dividends.    Tax  policies  encouria 

,v<   industrial  gifts  of  modern  equipment  and  support  foj: 

research  in  universities  a£o  a  good  mechanism?  for 

initiative  and  accountability  remain  with  the  colleges  and 

dompanie,*.  H. R.  4475  and  S.  2165  would  accomplish  thy 

objective . .  Equally  Important  lsrgenerouB  federal  support  of 

university  research  in  areas  such  as  th»  maxerialy  sciences, 

information  sciences,  engineering  sciences  and  useful  but 

basic  studies  in  all  disciplines,  so  the  universities  can 

attract  and  sustain  tyoae  capabilities  with  whlcft  industry 

will  most  want  to  collaborate. 

FEDERAL  SUPPORT  FOR  FUNDAMENTAL  RESEARCH  OF  NEARfTERM  UTILITY 

Research  in  Buch  useful, fields  of  science  br  engineering  can  have 
n  pervasive  and  often  immediate  utility  in  private  industry .  It 
ia  more  practical  as  a  basis  for  university-industry  Collaboration 
than  the  equally  imnertant  domain  of  federal  support  for "^aeioV 
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or  fundamental  academic  research  and  will  attract  mora  smaller 
companies.    It  is  more  acceptable  and  effective  than  the  funding 
by  government  of  commercial,  proprietary  research  (which  I  have 

argued  is  usually  ineffective  and  inappropriate) .    Such  research 

.* 

offers  educational  and  intellectual  challenge  and  is  not  product 
I 

specific*    It  is  useful  -yet  fundamental  research,     It  is  often 

i  "  .  . 

multidiflciplinnry ,    Other  examples  might  include  research  on* 

ceraq^c  or  polymer  materials,  numerical  analysis  and  computa-  - 

.  tionaj  science,  instrumentation  and  meteorology,  quality  and 

failure  an^lykis,  computer-aided  design  and  manufacturing,  and 

robotic  systems  research* 

m  <         '       »  ■ 

Such  fleldB  are  areas  of  primary  interest  to  industry,  yet  they 

axe  ai'so  appropriate  for  research  ifv  the  course  of  graduate 
- 'training*  The  concept  that  certain  areas  of  fundamental,  non- 
"  proprietary  research  can  also  be  ^ery  useful  aids  to  productivity 

growth  is'weli  j^nown  in  agriculture,  pharmaceuticals  and  other 

Industries,  top, 

University  scientists  pursue  such  fields  primarily  for  their 
intrinsic  sl&ient^fic  interest,  but,  if  they  are  in  to^ch  wit& 
their  peers  in  industry  and  if  funding  is  available  from  federal 
agencies, for  such  basic  wdrk,  the  universities  can  make  a  strong 
and  highly*  acceptable  contribution  to  industry  and  to  the  economy 

S  /Historically** the  Department  of  Defense,  and  other  "mission" 
,  agencies  have  provided ^support  jfor  these  fields  of  "useful" 
x         .   *  .   *  "■  ft 
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science  and  engineering,  along  with  the  National  Scisnce  Foundati 
art*  Important  but  email  amqunta  of  support  from  industry , 
•  Unfortunately  the  freAdth  and  depth  of  agency  support  of  auoh < 
work  has  declined  as  more  emphasis  has  been  placed  on  more, 
applied  work  of  narrow  agency  interest.  •  ,  ^ 

,  The  industrial  technologies  on  which  Congressional  attention  has 
boen  focused  —  microelectronics ,  robotics,  super-computers,  ' 
bio-engin&Aring,  materials  engineering  ~-  are  most  effectively 
atimulatied  by  federal  support  of  this  kind  of  university  centered 
research,  cortducted  with  the  participation  of  private  industry ♦ 
Many  opportunities  for  beneficial  expansion  of  this  kind  of  work 
ox  is  t,      "  ., 

Steyenson-wydley  Technology  Innovation  Act 

# 


The  Stevenson~Wydl*rAct  (Pi,  96-48^0)  is  the  primary  statute,  for 
federal  promotion  of  Industrial  technology  in  the  U.S.  and  it 
provides  an  adequate  authority  for  this  kind  of  Useful  research, 
Its  provisions  (envisage  the  establishment  of  "Centers  for  Indus- 
trial Technology11  (ciT's)  et  universities  and  at  other  nqSfor- 
profit    institutions  as  means  for  improving  the  utilization  of 
federally  funded  research  «Id  the  promotion  of  technological  s 
development.  .The  law  identifies  "generic  research"  projects  as 
the  appfcopriat^jandof  work  to  be  undertaken  at  these  centers, 
Cooperation  and  participation  by  industry  is  part  of  the  scheme, 
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A  number  of  such  centers  have  been  established  by  the  National 
.  Science  Foundation.    However,  the  NSF  centers  do  not  develop 
commercial  technology ,  as  defined  in  my  introduction*  Indeed, 
the  tySF  calls  them  ^university-industry  centers"  and  wisely 
refrains  from  suggesting  that  they  engafe  in  "industrial  tech**  • 
oology/*  as  defined  in  the  Act.  The  NSF  has,  for  example*  initiated 
4  modest ly^sized  but  excellent  center^  in  the  fields  of  polymer 
science ,  ceramics  and  electronic  materials  at  universities. 
Industry  participation  has  grown  to  the  point  that  these  centers 

,    are  now  70  to  80%  funded  by  private  industry.  The  federal  funds 
which  initiate  them  are  essential,  for  no  one  company  can  Support 

■*  a  large  enough  program  to  stand  on  its  own.    As  is  typical  of 
university  programs ,  the  work  is  nonproprietary  and  is  intended 
fpr  publication.  • 

While  the  NSF  university-industry  centers  are  consistent  with  the 
steve^son^wydler  Act  mandate,' the  Department  of  Commerce  -  which 
-   is  tha  lead?  agdnJy  for  the  Act  -  sought  and  obtained  the  approval 


of  Congress  in  1981  t^o  rescind  appropriations  for  establishment 
of  Ctlfr s  Under  ,#*e  pepa^rtment's  sponsorship ^  The  rationale  for 
this,  decision  is  given  in  a  recent  report  ■  to  the  President  and 
congress,  as  required  under  the  Act.  The  Department  was  evidently 

o  reluctant  to  prooeef  with  activities  ynder  the  words  "centers  for 
industrial  technology,"  w^ich  convey  a  purpose  and  program  far 
from  the  reality  of  what  the  universities  and  Jhdustry  scientists 

k  are  prepared  to  do  and  whose  implications  wou Iff  make  many  business 
people  uneasy. 
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An  interdisciplinary  university  laboratory  -  with  visiting  staff, 
from  industry  -  performing  publishable  reeearoh  on  colloid 
chemistry,  (or  example,  is  not  likely  to  engage  in  the  development 
of  commerdial  technology  and  should  not  be  expected  t^  do  so.  Xhe 
university  culture  will  jynphasisa  mo^  fundamental  and  specula- 
tive problems.  The  industry  scientist  involved  will  not  w$nt  to 
expose  their  proprietary  secrets  to  tiheir  competitors.    The  ' 
inflated  expectations  inherent  in  the  congressional  language  of  * 


the  Stevenson~Wyd}.er  Act  is  incompatible  with  the  "Wore  basic  and 
generic  kind  of  work  that  emerges  when  university  j»nd  industrial 
scientists  collaborate.    A  substantial  expansion  of  junivers^ty- 
lndustry/collaboratlve  reaearchf  with  federal  support  primarily 
forXthe  university's  participation,  in  fields  of  mutual  'interest 
and  oV^^ali-proprietary  character  could  ber  of  great  value, 
throughout,  industry. 


Engineering  research  as  well  as  Science  should  be  included  to  * 
insure, that  smaller  companies  without  research  laboratories  will 
be  aided  in  their  quest  lor  higher  productivity  based  on  etat6-of* 

?  the-art  manufacturing  processes y^icf  materials*  >.the  ^rajiifthofer 
Institutes  in  Germany  provide  another  interesting  eXample^of  suqj^ 
institutions.    The  Stevenson-Wydler  Act  provides  adequate 
authority  -  as  does  the  NSF  enabling  statute  -  byt  it  Should  b«t* 
amended  to  modify  the  expectations  stimulated  by  its  language  and 

#  funded  to  Bupport  university-centered  work,  carried  out  in  . 
collaboration  vftth  industry*,  . 


*An  area  -for  federal  investment  in  education  and  research  of  ^reat 
.  *  Importance  to  the  economy  is  in  science  and  engineering  and    '  t 
f  '-relates*  to  the  functions  of  design' and  procltoctiort,  ^  - 

,  Where  the  Japanese  have  Ih  industrial  advantage,  It  1*  more  ofcten 

»  *  •  -  . .»  ,  .  ^ 

production  and  in.  rapid' reduction  to  practice  of  Science  than,, 
v'  ft'  L#  in  innovation  and  development.    As  noted  in  the  study  by 
the  Preaident's  National  Productivity.  ^dVieory  Committee  (NPAC) , 
U.S.  schools  of  engineerihg have  since,  foorl^i  War  II,  -emphasized 
Research  and  diviXppment  skills,  ^not produotion  and^esigrr*  !Pheir 
research  support  came  primarily  fuom  the  defense,  space  and  other 
"fsdeVal  mission"  agencieVv  Stressing  the  art  of  the  possible 
took  precedence  over  engineering  principles  aimed  at  quality, 
cost  and  utility,  The  results  were  spectacular,  A*  seen  in  the 
Apollo  program,  but  at^he  coat  of  diverting  talent  from  the' , 
production  f  unctid^^cept,  perhaps,  in  chemical  engineering) . 

At  the  same  time,  Japane/e  engineers,  were  focusing  on  high 
qilality  and  low  cost  as,  competitive  advantage's,  and  developed 
management,  design  aAd  production /stra^giee  enabling,  them  to 
minimizes  the  time  required  to^adagt  inv^htione. and  discoveries  of 
*  other  countries  into  product s»  fpr  export • ,  ..v«.  .  ->;  * 

U.?,  industry  h*s  risen  tp  the  challenge/  anfl  the  burden  is 
faUing  on  the  new  generation  of  engineers,  it  is  essential  t^fc 

'.  .  "."•;,\\ ...  ■ 


i. 
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the  challenges      efficient  production  and  design  for  manufaotur- 
ability  attract  their  rightfuj.  share  of  the  moat  technically 
talented  students,    Fortunately,  the  intellectual  excitement  of  v 
robotics,  computer  design  graphics  and  bio-engineering  ar*  a% 
powerful  magnet  f^^Jtudente  and  faculty  alike*  A  $50  million 
ohallengarjl^u^of  equipment  and  fund*  for  educational  's 
development  made  by-IBM  has  helped  over  two  dosen  universities 
initiate  new  program*  and  educational  reforms, 


A  similar  fcevolutio  % 


>ff*ln  engineering  is  taking  place,  in  the  fiel^J  ^ 
of „ materials  engineering  and  in  the  role  of  computers  as  Simula- 

m  .  .a 

tion  tools,  making  unnecessary  the  time-honored  practice  of  * 

"breadboard"  testing  of  new  designs  before  commitment  Jto  production, 

»  •  * 

i 

As  a  fsukt,  the  National  Science  Board,' the  Na.t}ona)L  Academy  of 
Engineering,  the  engineering  professional  societies  and  the 
schools  of  engineering  are  eager  to  upgrade  and  modernize  U,8. 
engineering  capabilities,  Makina/this  happen  must  receive  a  very 

high  priority  in  any  plan  to  improve ^productivity  and  promote 

*  *> , 

innovation  \j\  the  domeetio  economy. 

I  - 

However,  the  financial  resources  are  not  in  sight  to  make  a  major 
beginning,  even  though  t'he  private  sector  <has  already  provided 
major  support  and  the  Administration's  FY85  budget  contains  a 
smell  i$\0  million)  initiative  to  this  end  in  the  N8F  engineering 
program >  Three  areas  of  greatest  prioritysgre  (a)  modernization 


a 


if 
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\ot  university  research  and  instructional  equipment,  (b)  curric- 
ulum and  program  reform  -  both  across  the  conventional  dinqi- 
p^/hes  and  in  joint  progjritfna  with  industry  *hd  (o)  support  for 
gra.dua.ta  atudanta  and  young  faculty  in  Jthfc  new  areas  where 
competition  for  their  servitflrtfc0  in  industry  is  espeqially  kaan. 


la  thai» 


H»B«  4047  addressee  the^*  iesues,  although  its  definition  of 
"automated  manufacturing  system"  is  much  too  farrow.    It  has  the 
virtua  of  wolkifa  through  agisting  agencies  -  N8F  and  tha  Department 
of  Commerce  -  and  is  superior  to  H.R.  4415  because  it  includes  t 

emphasis  on  engineering  Education  and  not  juat  rdflnsrohr-Lwa-  

support  the  purpose  of*H;R*  4047, 

ORGANIZATION  AND  MANAGEMENT  OF  THg  FBDBRAL  R&D  ENTERPRISE 

There  is.no  focal  point  within  tha  executive  branch  for  monitoring 
the  affect  of  the  total  federal  IUD  activities  on  the  private  4 
sector's  technological  capabilities,  or  for  generating  the  policy 
analysis  fclr  maximizing  the  eoonomic^alue  of  this  $$Q  billion 
annual  investment,  '  t    _  * 

»     »  -  t 

The  Office  of  8cienoe  and  Technology  Policy  (OSTP)  in  the  Executive 

Office  of  the  President  dose  not  have  the  resources)  tha  Department 

ft- 

of  cpmmerce  looks  primarily  to  its  own  activities.  In  any  case,  - 
<  in  the  most  recent  reorganization  proposal  effecting  Commerce  the 
'  original  <plan  was.  to  divest  the  remaining  scientif Ic  bureaus  from 

the  Department  should  the  Department  of  International  Trade  and 


it    A  t 


\  0 


,  565-  ; 


C". 


.        '  k  ' 

1    ■       ,  f 

I  562  -  . 

Industry  be  created*    H< R.  481  would  Also  deprive  the  Commerce 
Department  of  i^t  of  its  technical  capability^   We  wo^ld  prefer 
to  see  the  Department  improve  its  .capability  to  understand  the 
technical,  aspects  of  .microeco^rtvic^aivUteis,  rather  tfyan  dipmember 

it.  *  .r 

■  * 


A  number  of  the  policy  objectives  advanced0 in  this  paper  call  for 
the  ability  to  look  at  the  programs  and  the  'institutions  for  n|b 
across  the  government ,  including  tho  Department  of  Defense  as 
well  as  civil  agencies,  national  laboratories* as  well  as  university 
support  programs, 

•  '*  ' 

Bo$  H,R,  2525  and  H.R,  1243  make  provision  for  the  f*ct  gathering 

i  { 

and  microeocyiomic  anaWsis  that  is  up^ded.    Rather  than  doing  < 
this  work  under  a  ttational  Commission,  as  proposed  in  ti.fl,  2325, 
we  prefer  to  see  the  Department  of  Commerce  increase  ito  skill  * 
and' experience  in  science,  engineering  and  microeconomics.  The 
National  Research  Council  can  eertj^nly  help  br^ng  the  experts 
togthar  for  similar  pU'rpbeee,  as^fopoaod  Iti  !!♦  R,  12^ 


Dut  our  serious  objection  to  both  these  bills  is  they  do  not  stop 
at  research  and  information  services,    They 'call  for  the* generation 
Vff  national  industrial  strategies  for  ^hich  neither  the  NRC  nor 
the  proposed  Commission  would  have  the  skills,  experience  orv 
information  to  be  of  any  real  help       private  industry,    And  if 
ag'enciee  fchen  attempted  to  translate  these  strategies  into  com*-  * 
morcial  reality ,  the  distortion  of  the  private  sector's;  freedom- 
of  actio/  could  become  A  serious  inhibitor  to  comflptitittonees* 


I 
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MATCHING  RH<|K)RIC  TO  RgAMjj^    .  'v  «, 

Much  of  the  currant  conflict  over  proposals  to  invest  federal 

\unds  in  R*D  activities  to  support  economic  tferformanpo  is  a 

consequence  of  a  serious  mismatch  between  rhetoric  apd  reality, 

The  rhetoric  typically  promises  much  mors  than  the  reality  of 

federal  research  support  qan  possibly  deliver.  The  result  is 

inflated 'expectations)  which  may  lead  .to  disillusionment  with  the 

efficak  of  sciende  as  a  source  of  tedhnplogy.  The  rhetoric  also 

generates  opposition  by  those  who  do  not  "want  to  see  the\^ederal 

•  * 
agencies  choosing  and  conducting  R*D  programs  to  develop 

•  v 

industrial  technology,  for  we  view  such  activities  as  anti-compe- 
titive, wasteful  anfl,  in  any  case,  likely  to  be  a  weak 
contributor  to  useful  industrial  capability.    As  a  consequence, 

the  rhetoric  makes  it  difficult  to  generate  a  consensus  behind 

.  .      .  t 

useful,  non-controversial  proposals  like  the  university  centers 
for  interdisciplinary  generic  research,  carried  on  in  collabo- 
ration with  scientists  and  engineers  from  industry,  ' 

/         .  .  ■  •       .  . 

The  ihseveneon-wydier  Act,  plagued  with  this  dichotomy  from  £he 
beginning,  is  not  the  only  example,  A  more  dramatic  one  was  the 
Cooperative  Automotive  Research  Program,  initiated  by  the  Carter 
Admini*tratior\  amid  m^tf  fan-fare  from  Congressional  supporters 
who  described  its  objectives  as  H reinventing  the  automobile.8 

I  The  implication  of  the  program  was  that  the         auto  industry 
had  lagged  technologically  and  that  the  federal  program  would 

^restore  its  competitiveness,  th^e  preserving  the  auto  workers1 
Jobs* 
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in  fact,  the  program  that  was  envisioned  was  tha  support  of 
university-industry  researcrf»*ooperation  in  useful,  baaic  fielda 
like  combuation  science,  metallurgy ,  advanced  materials  and  tha 
like*    CARP  was  publicly  supported  by  at  least  one  senior  automobile 
executive,  who  evidently  thought  the  research  would  be  useful  and 
was.  expecting  some  needed  regulatory  relief  in  the  legislative 
package.  The  Reagan  Administration  cancelled  the  program  as  „ 
almost  its,first  act  upon  taking  office,    yet  the 'same  research 
activities  conducted  under  different  colors  might  well  have  been 
generally  accepted  as  entirely  appropriate  federfft  activity';  It 
was,  in  fact,  intended  to  be  a  research  program  of  broad  applic- 
ability, not  of  commercial  technology  development. 

1 -     .  \  ■■ 

The  congress,  the  Administration,  thu  technical  community  and  the 
•>  industry  muat  all  decide  to  be  more  realistic  about  the  limits  of 
federal  power .to  sustain  the  technological  performance  of  foe 
private  sector*  have  more,  faith  in  the  long  term -power  of  research  • 
and  education  to  support  an  effective  Industrial  process  for 
innovation  and  determine  to  remove  tha  remaining  obstacles 
imposed  by  federal  policy  to  the  attainment  of  that  performance. 
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Honorable  Doug  W%Lgran 

Chaiman  f 
euboosatittaa  on  Boianoa,  I 
Raaaaroh  and  Technology  1 
Room  231*     X  *  , 

tayburn  Housa  Off  lot  BuUdlng 
Washington,  DC     30515  1 

Dour  Dojatfi  # 

t  wont  to  thank  you  again  for  tha  opportunity  to  testify 
bafora  your  SubcoaaUttaa  on  H.R.  43C1.    I  would  Ilka  to  includa 
for  tha  raoord  tha  Qth  Staff  Memorandum  entitled  "Development  and 
Diffusion  of  Coaasercial  Technologieet    Should  tha  Federal 
Government  Redef lna  Its  Role?'  vhioh  X  mentioned  during  tha 
course  ofay  testimony. 

Additionally!  you  might  ba  interacted  In  a  series  of  quotas 
,  which  wa  excerpted  from  our  haarlnga  on  H.R*  4361. 


with  bait  paraonal  regarde, 


Sincerely, 


fairman 


BnoloSurae 
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U.S.  HOUSE  OF  REPRESENTATIVES 

tUICOMMrTTII  ON  ICONOMJC  tTAIlLIZATtOH 
COMMItTll  ON  ftANXINO.  IINANCK  AHO  UfllAN  WAm 


wa<Ihnoton,oc  aont 


? 


April.  9/  1964  \. 

Tht  following  wltn«»e>i  taatifad  b^tore  iha  Bubcommittaa  oh 
H  «R .  4361  i  ?  :* 


Kannath  Wilton,  ProfaatOr  of  Phytic*  , 
;  carnal 1  Unlvaraity  y>  ■ 

\|  g  ,  Gaorga  Hpaton,  profaaapr  of  Technology  fc  Policy 

^  '     v  BoatofT  UnivaraJty  .  ^  •  \, 

X  David  Howary,  Profaaaor  of  Econogiica     tl  -V.  >*' \  *  '>;.;" 

Carnagia~Mallon  Univaraity  ■ir~.^  V/ 

■  *  -  .         "/  •  * 

•*  •      1  Ltwli  M.  branicoiab,  Vici*  PraaMdant/Chiaf  Sclantiatf 

IBM  and    /  ^ 
V  Chalnaanr  national  ScianjU  foard*  National  Soiatfca  ■ •"' 

j  -Foundation  *  ;y  .  ,  ;V        .V;.:'f         '  ;;#] 

I  '  Myron  frlbua,  Dir actor  '  ;;.*' 

v  Cantar  for  Advanced  Bn^inajtrlng.  6tudy  /    N  -,rl.>^ 

H.I.T-.  ■  \  ;        .    ;  ^<  ; 

•  Jordan  J.  Bariicb,  Praaidant  -  :^  * 

Jordan  J.  Baruch  Mioolatai     .*  *  ^ 

f Donald    N.  Pray,  £hiaf  BJtacuUva  officar 
••11  fend.Howall  Corp. 

■  a  '  .  Ruaaall  Draw,  Praa^danb 

Viking  Inatrumanta  Coapany t  ra^raaanting        •  * 

|h«  Inatituta  ot  Blactrlcal  and  Electronic* Enginaara 

Edwin  Manatiald,  Profaaaor  of 6Eeonort>ica 
'  Univaraity  of  Partnaylvania  —  aubmittad  taatitoony  ,  v       .  jrj 
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Attach***  !•  «  U«t  ofAjftuoUt^ns  J r 
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1  f  e 

thoM  ^it^«#«W.  and  tha 


OTA  *ej(jo*t,  which  BUtfpdrt  fti^  W.Jl^w'-itV*^!  £ey  /ifeuee* 
*  ho  nt«4  for  technology'  ^pporyy^,/;/  v;  / 
tiead  f  or  an;  tnatp^n^^  a^ency/^  agd/icy.' 
g£ev0njion^yd$£r  'repj^-/;'  r 

t«x  oVed##,UD  Waited  partneratft'pa. 
^FtAieral  lnd|^|rial  Extension  /service. 


5. 


QyoTATiqwa  op  nwMtom on  abov^  issues* 

'"i.  £w^p  ^fl  tkcm^woy  8UPPC 

Qeofrga  Jieatofti  .'^technology*'  f ffuridatldn  ii'nttdid  f or  tUo  reaeona 
••v^y-y      V-  ^  U)  it  casta  the  goVerAmenft  in  a  lAaderehip 
■■jft"   V'     i:^  #91*  through  tha  eetabliahtaent  of  a  new 
V  «  institution  with  technology  a*  ita  mairt*  fotfir. 

■  **.■■ .     -*     ' "  •  •'■•V        V.       v  f  •  ■  '" 

^;      •''!%  I  (2^".iatha  private  aector  utidf  rinveete  in-RJO  fc_ 
v   bf&w**'  *ha  financial  rewarda  ara  not  au| f  icientiy. 
*  ap^i^wclabla  by  th*  rjaaaarch  8tftto#i«r,*r;> 

aordiin  Barjicht   &fha  United  «tat#a  h^a  a  mlaarabXa  hietory  in  tha 
= — ^  '^f^1'-  i\jppovt  M  tachnalogy,  ai  hiatory  th^t  muat  change 
vV:/"-<       ;if  wa  are  1t6  maintain  ooi*  ppat t Aon  -tfr'W* advanced 
;         '^V--       induatrial  itatioh."         V  ^ 

V  -^Thia  country  nfida;  deaper^teay  neeffi>  an 

Advanced  Techhoiogy;  F6undatiojii  #  and  that 
foundation, rtaada  r  board  to  guide  it ^-  a  board 
.  ,    made  up  not  of  aciihtiata  but  of  tebhnologiats  and 
!      ,!  repreaentativea.        induatry  largiafid*  amall.V. 

•In  the  aale  at /fcotoplex  producta  or  high  . 
technology  producta  the  etren$th.,of  the  dollar  has 
not  bean  important.    We  loae  out  becauae  our 
producta  are  either  not  as  good  va  deaigrt  or  they 
have  loweir ' reliabli ty . *  v"  V? 

We  cannot  auatain  OAir  [ectonom^cl  poaitlon  if  we 
invent  and  they  itirtovate. . ^What  wa  Wfid  la  a  new  , 
form  of  partnership  in  which  the  govitiiment  ia 
involved  in  a  <}olloborative  way  with;  the  private 

.  ieetorV^.    '   -.;  :->. 

Lewie  Branccotnbt    •Moa€  of  the  Ittiduatriai  t*ahnbiogiea—- 

  .    mfcroelaotronica,  r6Wfti^#>  aJper«emputera, 

bio-englneerjng,  or  nrateriala  ?eh^neering-^are  ..... 
moat  iffectiVeiy  atimulated  bsj;  f ed0?fal  eupport  0/ 


Hvroh  Trlbuai 
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.  ;  ,     '.  ■      •  .     •  •  ."»•'.«•» 

'  ,   "       this  kind  of4 univsraity  c«nt«rad  raaa*rch> 
'*  conductad  with  tha  participation  of  priwfoa  ,/f-;_ 

v,        ^industry,*  ,  .  ,-/.       ......  \>  '-^ 

Looking  at  tha  authority  in  o)d  Siation  6  tb  ' 
provi'da  grant  fconay  for  raaaaroh  op  ganaric 
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provida  grant  fconay  for  raaaaroh  op  ganaric  ,  .  '.;•/;'■ 
taohnologlaa,  Branaeowb  aaid,  *l  strongly  support "/*  \ 
that  aa  an  appropriate  aottyn  or  pov#rn*antv*   '  ^ 

OaVid  Noway vt    "Tha  innovatifi   parforiUnca  d*.  tfti  African  *' 

*"  aconoty  la  Or i tidal  to  growth  In  ihqoa*  and  f  > 

productivity*  #  .1  thua  an<Joraa  tha  go41*  oMKR«  ■■ 

4351  without  reservation* 


•Whila  Military  and  apHca-ralatfd  HaD  hava 
gaharatad  is^rtant  tfivUian  spfUovara, 
coa^arcial  ^na^ta^  hava  bjian  lass  intentional 
than  fortuitous i    A  lass  akawad  allocation  of* 
appliad  Rao  funding  could  ha  particularly  • 
hahafioial  to  ^duatxiaa  that  historically liav*  * 
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if  2.      INDEPENDENT  AGENCY  NBBDED/NBK  AOENCV 

Kenneth  Wiiaoni  .  "I  fie} .  that  the  idea  of  an  ATF,  or 
/  .  like  it  is  urgently  n«t4«d*.»I  agree  that  tr 

Science*  Foundation  cannot  qf rry  the  burden  of 
-  technology  development,    The  technology  priorities 

differ  substantially  for  scientific  priorities  which  is 
the  H8F'r»  j*in  pdncern.    And  the  scale  on  which  we  have 
'        t6l  address  techfrM^logi eel  ieues  could  destroy  the  NSr, 
If  the  NSF  became  rielly  seriously  involve*.    And  I  say 
"  5  this  from  my  practical  experience  of  working  with  the 
Supercomputer  Panel  at  the  1N8F,  where  the  conflicting 
priorities  of  technology  and  science  became  very 
evident."    Profieeore  Heatan  and  Mowery  agreed  with  the 
statement  that  NSF  is  not  the  appropriate  vehicle. 


Russell  Prewi 


"Unfortunately,  I  think  you  are  quite  correct  in 
assuming  that  the  Department  of  Commerce  on  the 
previous  record  looks  like  it  is  woefully 
inadequately  prepared  to  db  that  tpareue  its 
responsibility  under  Stevenson-Wydler ] ." 

"I  think  that  the  unique  thing  about  this 
proposal;  is  its  clear  delinated  flavor  toward 
industrial  manufacturing  generic  research. .the 
constituency  for  the  NSF  wants  every  single  dollar 
to  go  toward  their  basic  research  * .which  is  why  I 
think  if  you  **•  floing  tfo  do  a  job  and  do  it 
right,  you  ere  going  to  have  to  develop  a  new 
N  entity  with  *  new  constituency.*, 

Jprdan  Baruch t  "One  of  the  cii^  things  about  H.R.  4361  is  that  it 
is  neat,  comtact,  *n4  focussed.    It  doesn't 
require  thfc  lyjcorporiitoh  6]L  3,000-odd  people  at 
the  National  Bureau  of  Standards  or  17  different 
programs  from  the  National  Science  Foundation  or 
<■  the  Office  of  Productivity,  Technology,  *nd 

Innovation. •  .Let* s  keep  it  clean.    Let's  make  it 
simple.    Let*s  not  overdefine  how  it  is  to  d<»  its 


board  end  the  staff  do  that  and 
out  of  its  way." 


2& 


task .  Let 
then  let's  ge* 

"Because  these  cultures  [science  and  technology) 
are  so  different,  it  would  patently  be  folly  to 
expect  a  foundation  geared  to  operate  within  the 
science  culture  to  be  effective  in  the  support  of 
technology 

Oeorgs  Heatont  "Hew  government  agencies  are  typically  created  to 
re focus  existing  activities  as  much  to  create 
newspapers. . .Today  technology  development  is 
Similarly  a  matter  of  new  national  urgency." 

►  T 


j 
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3.      BTBVENSON^WYDLEk  REPORT 

Buiiell  Drewi    "My  personal  judgment  is  that  implementation  is 
wholly  inadequate,    they  are  really    looking  at 
thinge  that  are  ..already  thare  and  existing,  and 
trying  to  color  them  a  different  color ,  eo  that  it 
would  look  like  they  ate  in  compliance  with 
|  Staverveon-Wydler »" 


rM<- 
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4.      R&D  TAX  CRED*T/RSD  JblMXTjBD  PARTNERSHIPS  >>V 

Jordan  Baruch t  "It  [the  RSD  limited  partnership]  may  some  day  ba 
% .  .   ...  •  euccaseful*    It  has  not  ad  yet  had  much  impact." 

Kj  also  serve  as  a  member  of  the  board  and  a 
member  of  an  Investment  Advisory  Committee.  In 
that  roleV  I  review  many r  many  industrial  R&D 
limited  partnershp  proposals.    To  date,  we  have 
chosen  to  invest  In  none  of  them  because  our  t'eat 
for  investment  is  not  simply  that  it  be  a  tax 
A  shelter  but  that  it  have  a  significant  potential 

M  for  commercial  success  and  contribution,* 


of 


MiWBLaiB^at  ttgfag  mem 

loss  of  reuinue  to  the  Treasury  for  tha 
incremental R*D  tax  credit  will  be  $650  million  in 
fiscal  y*rTL984j  $66p  million  in  fiscal  year  1965. 

Edwin  Mansfield ;    "In  all  of  these  nations  [0.8. *  Canada, 'and 

Bweden]  the  increased  tUD  expenditures  due  to  the 
tsx  Incentives  seem  to  ba  substantially  less  than 
the  revenue  lost  by  the  government.    The  ratio  of 
the  tax  incentive-induced' increase  in  R&D  spending 
to  the  foregone  government  ravenue .. .ranged  from 
»    V  about  0.3  to  0.4."    This  is  a  30  cent  increase  for 

1  each  $1.00  of  lost  revenue. 


"Based  on  our  A indings ,  it  appear a  that  the  R&D 
tax  incentive* #  in  their  present  form,  ate 
unlikely  to  have  a  major  impact^in  a  nation'*  rate 
of  innovation*    One  possible  way  of  increasing 
their  effectiveness  is  to  change  the  computation- 
of  the  base  around. . .Such  a  change  would  not 
necessarily  t;asVit  in  a  considerable  increase  in 
effectiveness*" 


} 
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5..      FEDERAL  INDUSTRIAL  EXTENSION  SERVICE 

Oeorqe  Heatoni  "An  industrial  extension  experiment  deserves  to  be 
.*»™  P    ™    triad. ..about  Half  the  atataa  today  hava  their  own 
extension  programs.    At  laaat  soma  of  thasa 
programs  hava  bsan  higtflv  suooaasful .    JThe  ,( 
-  potential  benefits  to  ba  gainad  for  the  country  in 
tha  aggregate  ara  graat  indaad  avan  if  only  modest 
improvements in  productivity  occur  in %*  large 
number  of  firms,"  •*  \      ■•  ' 


"The  federal  role  should  be  to  funfl  state  . 
roarams.,.and  provide  them,  as  necessary,  vith 
ok  up  technical  assistance.** 


Myron  Tribusi    "Corisider  how  this  service  could  address  the 
— '  problems  of  increased  quality  and  productivity 
...In  any  industrial  process  the  application  of 
[the  methoda*M  statistical  quality  control  J  can 
contribute  more  to  quality  end  productivity  than 
can  any  other  aingla  technology.. .An  extension 
service  could  be  central  in  facilitating  the 
aiplicatioruof  theae  methods.    It  is  ridiculous  to 
think  that  the  Goverqpent  does  not  have  a  role  to 
play  in, this." 


Uwis  Pranscombt    -There  is  a  large  area  in  the  diffusion  of  the 
— results  of  research  but  to  engineer*  and  others 
m^o  can  use  it  that  needs  attention . " 


David  Hoyeryi 


"The  effectiveness  of  the  agricultural  extension 
program  clearly  suggests  that  similar  activities 
could  greatly  enhance  the  ef fectiveens*  of  a 

Sublicly  funded  induatrial  research  program. 
owever,  the  analogy  is  far  from 
straightforward... A  vigorous  industrial  extension 
program  could  go  some  way  toward  alleviating  the 
coats  of  transfer  and  utilisation,  but  such  a 
program  would  to*  substantially  more  ambitious  and 
costly  than  that  currently  proposed. * 


o 


4 

i 


\ 


-BID  Of  MM" 


■  hrjc  .  :    .576  .*. 


